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LETTER 

■ 

SECIIETARY OF THE SMITHSOiNlAN WSTITUTlOxV. 

oomiuncATnici 

THE AKNUAL REPORT OF THE OPERATIONS, EXPENDITURES, AND CON- 
DITIOIS' OF THE INSTITUTION FOR THE YEAR 1864. 



Smithbokian lasimmoN, 

Wiuih&nqknt Maarck 1, 1865. 
In behalf of the Board of Regents, 1 have the honor to submit 

to the Congress of the United States the annual report of the opera- 
tion^j, expenditures, and conditioQ of the Smitbsouiau Institution for 
the year 1864. 

I have the honor to be, very respectfully, your obedient servant, 

JOSEPH HENRY, 
Secretary SmUhBonian InHUtUum, 

Hon* Hamlin, 

Preeideni qf the Senate*' 
Hon. S. OoLFAZ, 

Speaker if fAe Himee vf B/e^premAaj&vea. 
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ANNUAL REPORT OF THE BOARD OF REGENTS 

OFTHB 

SMITHSONIAN INSTITUTION, 

SHOWING 

THE OPERATIONS, EXPENDITURES. AND OOKDITION OF THE INSTT- 
TUTION UP TO JANUARY, 18(35, AND THE PKOCEEDlNGB 
« OF THE BOARD UP TO MARCH 1, 



To the Senate and He>use of RepreseniaiivcH : 

In obedience to the net of Congress of August 10, 1846, establif^li- 
ing the 8initbsoniau Institution, the undersigned, in behalf of the 
Regents, submit to Congress, ns a report of the operations, expendi- 
tures, and condition of the Institution, the following documents : 

1. The Annual Report of the Secretary, giving an account of the 
operations of the Institution during the jear 1864. 

2. Report of the Executive Committee, giving a general statement 
of the Smithsonian fund, and also an account of the expenditures for 
the year 1864. 

3. Proceedings of the Board of Regents up \o March, 1865. 

4. Appendix. 

RespectfttUjr submitted : 

S. P. CriASE, Chancellor. 
JOSEPH HENRY, Secrdary. 
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PROGRAMME OF ORGANIZATION 

OF THK 

SMITHSONIAN INSTITUTION. 



CPBESEXTED IXTHi: FIRST AXXT'AL REPORT OF THE S] ( 'I;i;taKV, AMD 
ADOPIED m THE BOAIW OF KKGENTS, DKCEMBEit ia, ici'L} 



' INTRODUCTION. 

Qeaeral (m/ddsrojlioina which should serve as a ^uide in adopHing a Pkm 

OrgaittMaUon, 

1. Will op Smituson. The property is bequcutbed to the United 
States of America, '*to found at Washington, under tlie name of the 
Smithsonian Institution, au et>tablishmeut for the increase and diffu- 
sion of knowledge among men." 

2. The beqoefit is for the benefit of mankind. The government 
of the United States is merely a tnistee to cArry out the design of 
the testator. 

3. The Institution is not a national establishment, as is frequently 
suppo^f d, but the establishment of an individiial, and is to bear and 
perpetuatu his name. 

4. The objects of the Institution are, Ist, to increase, and 2d, to 
diifuse knowledge auaoii^ men. 

5. Th^se two objects should not be confounded with one another. 
The first is to enlarge the existing stock of knowledge by the addition 
of new troths ; and the second, to disseminate knowledge, Ihns in- 
creased, among men. 

6. The will makes no restriction in favor of any particular kind of 
knowlodp-e ; hence all branches are entitled to a sh;iro of attention. 

7. Knowledge can be increased by different metliods of facilitating 
and promoting the discovery of new truths ; and can be most exten- 
sively diffused among men b3^ means of* the press. 

8. To effect the greatest amount of good, the orguuization should 
be snch as to enable the Institution to ^rodace resnlts, in the way of 
increasing and diffasing knowledge, which cannot be produced either 
at all or 'so efficiently by the existing institutions in our country. 

9. The organization should also be such as can be adopted proTi- 
sionally ; can be easily reduced to practice, receive modihcations, or 
be abandoned, in whole or in part, without a sacrifice of the funds. 
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10. In order to compensate, in some measnref for the loss of time 
occasioned by the delay of eight years in establishing the Institution, 
a considerable portion of the interest which has aocraed should be 
added to the principal. 

11. In proportion to the wide field of knowledge to be cultivated, 
the funds are small. Economy .should, therefore, be consulted in the 
construction ut the building ; and not only the first cost of the edifice 
should be considered, but also the continnal expense of keeping it in 
repair, and of the support of the establishment necessarily connected 
with it. There shoold also be but few individuals permanently sup- 
ported by the Institution. 

12. The plan and dimensions of the building should be determined 
by the plan of the organization, and not the converse. 

13. It should be recollected that mankind in general are to be 
benefited by the bequest, and that, therefore, all unnecessary expen- 
diture on local objects would be a perversion of the trust. 

14. Besides the foregoing considerations, deduced immediately from 
the will of Smithson, regard must be had to certain requirements 'of 
the act of Congress Bstablishing the Institution. These are, a library , 
a museum, and a gallery of art, with a building on a liberal scale to 
contain them. 

SECTION I. 

Flan Organization of the Indlfx.fhrn in accordance with the foregoing 

deductions from the will of Smitlison. 

To INCREASE KNOWLEDGE. It is proposed — 

1. To stimulate men of talent to make original researches, by ofler- 
ing cuitable rewards for memoirs containing new truths ; and, 

2. To appropriate annually a portion of the income for particular 
researches, under the direction of suitable persons. 

To DIFFI7SB orowLBDGB. It IS proposed^ 

1. To publish a series of periodical reports on the progress of the 
different branches of knowledge ; and, 

2. To publish occasionally separate tr^tises on subjects of general 
interest. 

DETAILS OF THE PLAN TO INCBEASE KNOWLEDGE. 

L By stimvlaiing resgarclies, 

1. Facilities afforded for the production of original memoirs on all 
branches of knowledge. 

2. The memoirs thus obtained to be published in a series of vol* 
umes, in a quarto form, and entitled Smithsonian Contributions to 
Knowledge, 

B* No memoir on subjects of physical science to be accepted for 



FBOOSANME OF ORGANIZATION. 



9 



pablicatioa which does not furniBh a poBitlve addition to human 
knowledge, restiDg on original research ; and all nnyerified specula- 
tions to be rejected. 

4. Each memoir presented to tlto Institution to bo psnbmitted for 
examiiiatiou to a commissaiou of per.-sons of reputation for Itiurniug in 
the branch to wliich the memoir pertains; and to be accepted for 
publication only in case the report of this commission is favorable. 

5. The commission to be ohosen hj the officers of the Institution, 
and the name of the author, as far as practicable, concealed, unlese 
a favorable decision be made* 

6. The volumes of the memoirs to be exchanged for tiie Trans- 
actions of literary and scientific societies, and copies to be given to 
all the colleges and principal libraries, in tbiR country. One part of 
the remaining copies may be otl'ered for sale ; and the other careCully 
preserved, to ibrm complete sets of the work, to supply the demand 
from new institutions. 

7. An abstract, or popular account, of the contents of these memoirs 
to be given to the public through the annual report of the Begenta to 
Congress. 

11. By appropriating a part of the tnome, annuaMy^ to special ahjede 
reaearek, wtder the direction if suitable persons, 

1. The objects and the amount appropriated, to be recommended 
bv counsellors of the Institution. 

2. Appropriations iu different years to dillereut objects; so that 
in course of time each branch of knowledge may receive a share. 

3. The results obtained from these appropriations to be published, 
with the memoira before mentioned, in the volumes of the Smith- 
sonian Contributions to Knowledge. 

4. Examples of objects for which appropriations may be made. 
(1.) System of extended meteorological observations for solving 

the pi oblem of American storms. 

(2.) Explorations in descriptive natural history, and geological, 
maj2:netical, and topographical surveys, to collect materials for the 
formation of a Physical Athis of the United States. 

(3.) Solution of experimental problems, such as a new determina- 
tion of the weight of the earth, of the velocity of electricity, and of 
light ; chemical analyses of soils and plants ; collection and publica- 
tion of scientific facte, accumulated in the offices of government. 

(4.) Institution of statistical inquiries with reference to physical, 
moral, and political subjects. 

<f).) Historical researches, and accurate surveys of places celebrated 
in American history. 

(G.) Ethnological researches, pailicularly with reference to the 
different races of men in Korth America; also, explorations and ac- 
curate surveys of the mounds and other remains of the ancient people 
of our country. 
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DETAILS OF THE FLAK FOB DIFFUSmO KKOWLEDOE. 

I. By the publication of a series of reports, q'lnng an account of the neta 
discoveries in science, and of the changes }tiade from year to year in 
all branches of knowledge not strictly professioiwil, 

K These reports will diffuse a kiod of knowledge generally in- 
teresting. but which, at present, is inaccessible to the public. Some 
of the reports raay be pubUshed annually, others at longer intervals, 
as the income ot the IiiHtitutioQ or the changes ia the branches of 
knowledge may indicate. 

2. The reports are to be prepared by collaborators eminent in the 
differoDt brandies of knowledge. 

3. Each ooilaborator to be furnished with the journals and pnbli- 
oations, domestic and foreigOt necessary to the compilation of his 
report ; to be paid a certain sum for his labors, and to be named on 
the title-page of the report. 

4. The reports to be published in separate parts, so that persons 
interested in a particular branch can procure the parts relating to it 
without purchasing the whole. 

5. These reports may be presented to Congress, for partial distri- 
bution, the remaining copies to be given to literary and scientific in- 
stitutions, and sold to individaals for a moderate price. 

The following are some of the subjects whioh may, be embraced in 
the reports :* 

I. PHYSICAL CLASS. 

1. Physics, including astronomy, natural philosophy, chemistry, 

and meteorology. 

2. Natural history, including botany, zoology, geology, <&c. 

3. Agriculture. 

4. Application of science to arts. 

U. MOBAL AND POLITICAL CLASS. 

5. Ethnology, including particular history, comparatiTe philology, 

antiquities, <fec. 

6. Statistics and politic;d economy. 

7. Mental and moral philosophy. 

8. A survey of the political events of the world ; penal reform, &g, 

m. UTEEATUBE AND THE FDIE ARTS. 

9. Modem literature. 

10. The fine arts, and their application to thia nsefol arts. 

11. Bibliography. 

12. Obituary notices of distinguished individuals. 

II. By the puUication of separate treatises on subjects of general interest, 

1. These treatises may occasionally consist of valuable memoir^ 
translated from foreign languages, or of articles prepared under the 

frhis part of tie pka lua been Imt partially canied out. 
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direction of the Institution, or procured by offering premiums for the 
best expoflitioD of a given Bubject. 

2. The treatises should, in all cases, be submitted to a commission 
of competent judges, previons to their publication. 

3. As examples of tnese treatises, expositions may be obtained of 
the present state of the several branches of knowledge mentioned in 
the table of reports. 

SECTION II. 

» 

Plan of organization, In accordance idth the terms of the resolutions of 
the Board of Ileyents providing for the two modes of increasing and 
d^ttaing hrinoledge. 

1. The act of Congress establishing the Institution conteniplated 
the formation of a library and a museum ; uud tho Board of licgents, 
including these objects in the plan of organization, resolved to divide 
the income* into two eqnal parts. 

2. One part to be appropriated to increase and diffnse knowledge 
by means of publications and researches, agreeably to the scheme 
before given. The other part to be appropriated to the formation 
of a library and a collection of objects of nature and of art. 

3. These two plans are not incompatible with ono another. 

4. To carry out the plan before described, a library will be re- 
quired, consisting, 1st, of a complete collection of the transactions 
and proceediugti of all the learned societies in the world ; 2d, of the 
more important current periodical publications, and other works 
necessarj in preparing the periodical reports. 

5. The Institution should make special collections, particularly of 
objects to illustrate and verify its own publications. 

6. Also, a collection of instruments of research in all branches of 
experimental science. 

7. With reference to the collection of books, other than those 
mentioned above, catalogues of all the different libraries in the 
United States should be procured, in order that the valuable books 
first purchased may be such as are not to be found in the United 
States. 

8. Also, catalogues of memoirs, and of books and other materials, 
should be collected for rendering the Institution a centre of biblio- 
grc^hical knowledge, whence the student may be directed to any 

work which he may require. 

9. It is believed that the collections in natural history will increase 
by donation as rupidly as the income of the Institution can make pro- 
vision for their reception, and, therefore, it will seldom be necessary* 
to purchase articles of this kind. 

10. Attempts should be made to procure for the gallery of art 
casts of the most celebrated articles of ancient and modem sculpture. 



*Tbo amonnt of tho Smithsonian bequest receiv<Hl into tho Tronsnry of the 

United 6Uii«is is $5ir>, ItiO 00 

lutercstou thcsamcto July 1, 1 84G,(dATOted to theereetlon of tli« building). 242, IJP oo 
■ Annual income from the bequest 30, 910 14 
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11. The arts may be encouraged by providillg a room, free of 
expense, for the cxhibitioD of the objects of tbe Art-VDion and other 
gimilar societies. 

12. A small appropriation should annually be made for models of 
antiquities, ^lu-b as those of the remains of ancient tomj)les, i!ii:c. 

13. For the prescut, or uutil the building is fully completed, be- 
sides the Secretary, no permanent assistant will be required, except 
one, to act as librarian. 

14. The Secretary, by the law of Congress, is alone responsible to 
the Begents. He shall take charge of the building and property, 
keep a record of proceedings, discharge the duties of librarian and 
keeper of the museum, and may, with the consent of the Eegents, 
employ assistants. 

15. The Secretary and his assistants, dnrinp^ the session of Congress, 
will be required to illustrate new discoveries in science, and to exhibit 
new objects of arL Distinguished individuals should also be invited 
to give lectures on subjects of general interest. 



This programme, which was at first adopted provisionnlly, has be- 
come the settled policy of the Institution. The only material change 
is that expressed by the following resolutions, adopted January 15, 
1855, viz : 

Mesolved, That the 7tli resolution pasBed by the Board of llegents, 
on the 26th of January, 1847^ requiring an equal division of the 
income between the active operations and the mnseum and library, 

when the buildings are completed, be, and it is hereby, repealed. 

Besoived<t That hereafter the nnnnal appropriations shall be appor- 
tioned specifically among the dilferent objects and operations of the 

Institntion, in such manner as may, in the judgment of the Regents, 
be necessary and proper for each, accordinL;; to its intrinsic import- 
ance and a compliance in good faith with the law. 
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To Board if MeffoiUs <Ae SmUkBotUan JntiUuHon : 

Gentijsmen : The duty of presenting to you the annual report of 
the operations and state oP" the Smithsonian Institution recurs, ou 
this occasion, under peculiar circumstances. On the 24th of last 
month, the day before that deBignated for the nnnnal meeting' of the 
Board, afire occurred, of wliicli an account is givea in the Report 
of a Special Committee. It destroyed the documents contained in 
the Secretary's office, and among these was the manuscript of the 
annual report, which was ready for presentation. The destruction 
of this involved the necessity of rewriting the whole article, and has 
delayed its presentation until the present time. 

Another circumstance which characterizes oar present meeting is 
that, for the first time in the history of the Institution, not one of 
those who constituted the original Board of Regents is now in attend- 
ance. With the exception of a single member. (Professor Bache,) 
who is seeking in a foreign country the restoration of his health, 
an entire change has taken place in the personal composition of the 
Board. This change has been much more rapid during the last four 
years, or since the commencement of the war. Within that period, 
death has repeatedly cast its shadow over the Institution. Indeed, 
the number of thoiie connected witli the establishment who have 
departed this life since the epoch mcnuuiied exceeds the number in 
all the years that preceded. The death of Judge Douglas, of Illinois, 
of Senator Pearce, of Maryland, and that of Dr. Felton, of Caml) ridge, 
all prominent members of the Board, were communicated at the last 
and the preceding meetings ; and I have now to add, as having oc* 
curred since the last session, the death of General Totten, who was 
one of the Begents named in the original act of Congress organissing 
the Institution, and who continued during life to be an active member 
of the Board, and by repeated election, one of the executive commit- 
tee; that of Chief Justice Taney, who ever evij^ced a lively interest 
in the welfare of the Institution, was one of the original members 
of the Board, and for a long time held the office of its chairman; and, 
lastly, that of Judge Dayton, whoso decease, in the full enjoyment of 
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the honors of his liigh position as the representative of bis country 
at the coiirt of France, we baye recently been called to monrn. 
Thongh the latter was unable to attend the xneetyigs of the Board, 
he rendered good service to the Institution in. extending its reputa- 
tion and promot i its correspondence abroad. Besides this mortality 
among the Regents, there have also occurred in the same period four 
deaths among the assistants and employes of the establif-hment, and 
two among the honorary members, making twelve in number thus 
removed. > 

This rapidly recurring mortality has ^pi failed to impress me pro- 
foundly with the instability and uncertainty of life, and has led 
me, in view of the late conflagration and the loss of the counsel of 
those to whose generous and zealous oo-operation I have been so long 
indebted, to regard with more than usual solicitude the proper dis- 
charge of the responsible duties which are intrusted to me as the 
principal executive officer of the establishment. 

Yet, however grieved at the loss occasioned by the fire, and sad- 
dened by the departure of those to whom I have just referred, I have 
not permitted myself for a moment to doubt that I shall continue to 
find in the present members the same cordial co-operation and liberal 
support which has characterised the .guardians of the Institution for 
the past twelve years. Whatever may have been the diversity of 
views previous to that period, no difference of opinion has since been 
expressed as to the propriety of the general policy which has gov- 
erned the operations of the establishment, nor has a doubt been inti- 
mated as to the value of the results produced or their strict conformity 
with the intentions of Smithson. This harmony is, perhaps, more 
worthy of remark, when it is remembered that in the choice of the 
Regents they have been designedly selected by Congress from each 
of the prominent political parties of the day. Men of the most con* 
flicting opinions meet here as on a common ground of friendly sym- 
pathy, impressed with the feeling that rivalry and prejudice should 
hold no sway in the presence of interests whose universality and 
permanency properly withdraw them from the sphere of popular and 
temporary exciteihent. Hence my enforcement of the rule excluding 
from the lecture-room of the Institution topics of a partisan and irri- 
tating character has been fully sustained; while, at the same time, 
the course which has been pursued of rendering the government in 
its late trials ever/ aid which could be supplied by scientific re- 
search has been warmly approved. 

As most persons are probably entirely ignorant of the services 
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really rendered to tlie gOTernment by the Institntioo, I may here state 
the fact that a large share of mj time*-all, indeed, which could be 
spared from official dnties^has been devoted for the last four years to 

investigatioDs required by the public exigencies. Within this period 

several hundred reports, requiring many experimeuts, and pertaining 
either to proposals purporting to be of high national importance, or 
relating to the quality of the multifarious articles ofTered in fuirilment 
of legal contracts, have been rendered. The opinions advanced in 
many of these reports not only cost much valuable time, but also in- 
volved grave responsibilities. While, on the one hand, the rejection 
of a proposition would be in contravention to the high importanee 
claimed for it by its author, on the other the approval of it would per- 
haps incur the risk of the fruitless expenditure of a large amount of 
public money. It is not necessary, I trusti to say that the labor thus 
rendered was entirely gratuitouSf or that in the judgment pronounced 
in any case no regard was paid to the interested solicitations or per- 
sonal iniluence of the parties cunccrnedj on the contrary, it has in 
Bome instances resalted from the examination of materials sold to the 
government that attempted fraud has been exposed and the baffled 
speculator received his due reward in condemnation and punishment. 
These facts, it is thought, will be deemed a sufHcieut answer to 
those who have seemed disposed to reproach the Institution with the 
want of a more popular demonstration, but far less useful or efficient 
aid in the support of the government. 

At the close of 1864 the affiurs of the Institution were in a highly 
prosperous oondition. It will be seen by a reference to the report 
of the executive committee tha^ 

Wvrtik, The whole amount of money originally derived from th^ 

bequest of Smithsou is still in tliu treasury of the United States, 
bearing interest at six per cent., paid semi-annually, and yielding 
$30,910. 

ffecond. Seventy-five thousand dollars of an extra Aind are in 
bonds of. the State of Indianai at five per cent, interest^ also paid 
eemi-annoally, yielding |3,750. 

Third, Fifty-three thousand five hundred dollars of the same fund 

are in bonds of the State of Virginia, twelve thousand in those of 
Tennessee, and five hundred in those of Georgia, from which nothing 
has been derived eince the commencement of the war. 

Fourth. A balance of upwards of $29,000 is now in the hands of 
the treasurer of the Institution. The only difference in this state- 
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ment and that of last year is that the balance now in the hands of 
the treasurer is $2,500 less than before. This difference is mainly 
due to the increase of prices and the consequent necessity of a greater 
expenditure in carrying on the ordinary operations. 

In view of the great expenditures of the goveroment on account of 
tbe war, the loBtitiition did not at first claim, as it might reasonably 
bave done, to have tbe annual income from tbe original bequest paid 
in specie, as all tbe* older funded debts of tbe United States are paid. 
But since a large outlay will be required to repair tbe damages caused 
by the fire, the necessity could not be avoided of calling the atten- 
tion of the Secretary of the Treasury to this measure. That this 
claim is a just one was the unanimous opinion of the iioard of 
Hegents, and among them of Cliicf Justice Chase, and in accordance 
with the inBtructions of the Board I have presented this matter to 
tbe department. It was referred by the Secretary to his legal ad- 
viser, tbe Solicitor of tbe Treasury, who bas decided that in accord* 
ance with tbe usage of tbe government tbe Inst^tion is entitled to 
receive tbe interest from tbe original bequest of Smitbson in coin. 
Tbe premium on tbis will therefore, in future, increase tbe balance 
in the hands of the treasurer.* 

It was mentioned in the last report that a part of the original be- 
quest, amounting to £5,015, was left by Mr. Rush in England as the 
principal to secure an annuity payable to the mother of Smithson^f? 
nephew. The annuitant having died, a power of attorney was sent 
in November, 1862, to Messrs Fladgate, Clark and Finch, (tbe same 
fiztn originally employed by Mr. Rush,) to collect the money. After 
a considerable delay, arising principally from technical difficulties, 
tbe money was obtained and deposited to tbe order of tbe Institution, 
with George Peabody ft Co., bankers, London. It was subsequently 
drawn through the agency of tbe Secretary of tbe Treasury, and, in 
accordance with the law of Congress directing that the money of the 
Smithsonian bequest should be invested in United States securities, 
it was expended in the purchase of government bonds, bearing in- 
terest at the rate of per cent. The amount realized in bonds of 
this denomination, at par, was $54,150. It was at first supposed that 
this money, or at least the interest upon it, could immediately be ap- 
plied to tbe uses of the Institution, but from a critical examination 
of tbe enactments of Congress in reference to tbe Smithsonian fund, 

* Tlic premium on the coin received sfnco tlio prcsfntntion of tho report, on account of tbe 
interest due 1st January, w us $7,472 70, which gum aaded to $29,4d4 08 gives |36,9S6 78 
as the amount in the hands of the treaaurer 
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it was found that the appropriation of the bequest by the act organ- 
ising the establishment in 1846, related only to that part of tho be- 
quest which had already been received, and made no provision for 
the disposition of the residuary legacy which, has just become avail- 
able. It can scarcely be donbted, however, bnt that Congress in- 
tended to appropriate the ^hole of the bequest to the maintenance 
of the establishment; still, for this purpose, a special act wilt be 
required, and it is desirable that the sum recently received bo de- 
posited in the treasury on the same condition with the amount origi- 
nall}' obtained, that tho interest alone shall be subject to expenditure. 
In this connexion it is proper to remark that Mr. Peabody, who 
received the deposit of the fund, so far from claiming the usual com- 
mission, allowed four per cent, on the money while it remained in bis 
bands. 

.It will be seen from what follows in this report that all parts of tbe 
programme have been proseonted daring the past year with as mnch 
energy as the means at oar disposal woold permit, and that although, 
in some particolars,«not as mach has been accomplished as in pre- 
vious years, the inequality will, it is hoped, be attributed, as it is 
properly referable, to the difficulties under which the Institution, in 
common with the whole country, has been laboring. 

Publications. — The whole number of pages issued during the year 
amount to 872 quarto and 1,657 octavo. 

The thirteenth volume of the Contributions has been distributed to 
public libraries, and the fourteenth is nearly completed, and will be 
published in the coarse of a few months. It will consist of the fol- 
lowing papers : 

1. Tbe third and fourth series or condading parts ef the disoos- 
sion of tbe magnetic and meteorobgical obsisrvations, made at the 
Qirard College observatory, Philadelphia, by Professor A. D. Bache, 
Saperintendent of the United States Coast Bnrvey. 

2. On the construction of a silvered glass telescope, 15^ inches in 
apcrlui b, and its use in celestial photography, by Dr. Henry Dra- 
per, of the University of New York'. 

3. A memoir on the paleontology of the Upper Missouri, by 
B. Meek and F. V. Hayden. — Part 1. 

4. A memoir on the cretaceous reptiles of the United States, by 
Br* Joseph Leidy, of the University of Pennsylvania. 

It was intended that Dr. Dean's paper on the medulla oblongata, 
described in tbe last report, and partially distribnted in separate nam* 
»a 
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bers during the year, should form a part of this Yolnme ; unfortu- 
nately, however, the plates intended for its iUostrationwere destroyed 
in the fire, and its place in the volome hat been supplied by the fourth 
article, which has since been presented for publication. 

In the reports for the last three years an aoconnt bas been gf^n 
of a series of papers containing tho deductions from the magnetic ob- 
servations at Girard College, Philadelpliia, by Professor A. D. Bache, 
Superintendent United States Coast Survey. The whole of this series 
of papers was divided into four sections, each containing three parts. 
The object of the whole series is to present the results deduced from 
the changes observed in the direction and intensity of the magnetic 
force of the earth as apparently affected by the position of the snn 
and moon relative to the earth and to each other. 

The first section related to the disturbances In the line of the de- 
clination, or of the fitfnl variation, as it is called, of the magnetic 
needle, and to the regular variations of the declination. 

The second section related to the variation in the intensity of the 
magnetic force of the earth, estimated in a horizontal direction. 

The third section related to the same force as estimated in a verti- 
cal direction. 

The fourth section relates to the perturbations or fitfal changes in 
the direction and intensity of the total magnetic force of the earth 
as estimated in the direction of the dipping needle. 

The first three of these sections have been described in previous 

reports, and it now only remains to give an account ui Liie luiirLh and 
last. 

The data for the deductions given in this section are the qnaotitiee 
observed in the variations of the horizontal and vertical components 
of the magnetic force, expressed in minute scale divisions corrected 
for progressive changes in the magnetism of the bars and for changes 
due to temperature. The object of the investigation was to deter- 
mine the law of the great disturbances to which the total intensity 
and direction of the magnetic force of the earth is suhjeclud. It is 
well known that tho intensity and direction of the magnetic force of 
the earth do not remain the same from hour to hour, but are subject 
to regular fluctuations connected with tho day and the season, and 
also to larger perturbations, which have until lately been considered 
fitful, and have therefore received tho name of magnetic storms. The 
special object of investigation of the first part of the fourth series is 
to ascertain the average character of the laige disturbances, and to 
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deduoe, if posaible, the law by which they are governed. This it 
the most intricate part of the whole series, and is the final object to 
which the preceding investigations were preparatory. From a care- 
fnl study of all the observations on the dip, it was found that 1,446 

mip^ht be considered as giving abnormal values, and of the total force 
of the earth's magnetism 1,470 indicated abnormal changes, which 
amounted to about one-fifteenth part of tho whole number of obser- 
vations. These abnormal disturbances were analvzed in relation to 
their frequency during the hours of the day, the month of the year, 
and Rnccessive years ; they were also studied as to their tendency to 
exhibit an increase or diminution in their variations and the times of 
.the greatest and least action in relation to the periods above men- 
tioned. This part ends with a table of the relative magnitude of the 
disturbances and a comparison of those of Toronto and Philadelphia^ 
from which it appears that in some cases there is an agreement in 
the character of the simultaneous changes in the two places, and at 
others not. 

The second part of the fourth section treats of the solar diurnal 
and annual inequality of the dip and total force, that is, of the changes, 
due to the sun which take place in the dip and total force from 
hour to hour and from month to month. In this investigation all the 
greater perturbations are omitted and the laws of the simpler 
or more normal changes are sought. The diurnal changes in the dip 
are shown analytically and graphically for each month and for the 
whole year. The general character of the curve exhibits a maxi- 
mum at about 11 a. m. and a minimum at about 5 a. m., with a range 
of one minute and two-tenths — a quantity too minute to be recognized 
by the ordinary dip circle, and which can only be observed by the 
differential reflecting iustrumeiiL In summer tho epochs occur ear- 
lier, with a range of a minute and a half, while in winter they occur 
later, with a range of only one minute. There is also a secondary 
fluctuation of small magnitude. The diurnal deviation of the dip is 
greatest about the time of tho equinoxes, and of these maxima that 
of the winter is the least. The diurnal changes in the total force as 
deduced from the average of the year are represented by a single 
crested curve, but from the average of the observations in winter 
alone this assumes the form of a double curve. The principal maxi- 
mum as deduced from the whole year coincides with the hour of 
2 p. m., and in winter occurs about an hour and a half earlier. The 
principal minimum coincides with 10 p. m., and t)ccurs in winter about 
two hours earlier. This part ends with an attempt to deduce from 
the data the annual changes in dip and intensity. The result, how- 
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ey6r» is not entirelj sfttisfactory on account of the large disturbances 
due to variations of temporatnre, changes of the magQetism and ad- 
justment of the instrnment. 

The third part of the fourth section, or the twelfth part of the 
entire series, contains the result of the observations made with a 
portable dip circle constructed by Robinson, of London, the same 
which had been previonsly used by Professor Bache in his magnetic 
observations in Pennsylvania and adjacent States, and also in Europe, 
The observations were made weekly during a period of nearly two 
and a half years; the monthly and annual mean observations of the 
dip were tabulated and were found to indicate an annual decrease of 
one minnte and two-tenths in this element. The same paper con* 
tains a collection of observations on the dip at different points in 
Philadelphia by different observers, from which a similar change in 
the dip has been deduced. The least dip occurred in January, 1840, 
and increased for several years after that date. It is probable, how- 
ever, from some subsequent investigations by Mr. Schott of observa- 
tions at other places, that the minimum obtained at Philadelphia, 
above mentioned, was of a secondary character, and that a still 
smaller dip will hereafter be observed. But this point will be cleared 
up in a few years by observations now in process of collection. The 
discussion of this part, and indeed the whole of the series, ends 
with a table of magnetic constants for Girard College, namely: of 
the declination, or variation, as it is sometimes called; of the dip; 
of the horizontal, vertical, and total force, all expressed in absolute 
measures, for five different epochs and fur one mean epoch, that for 
January, 1843, for which the declination is 3° 32' W., the dip 71° 59' 
N., the horizontal force 4.173, the vertical force 12.83, and the total 
force 13*49, in unitd of one foot, one grain, and one second of mean 
time. . 

From all the investigations on this subject np to the present time 
we may infer, first, that the earth is a great magnet^ having a natund, 
and in one sense a permanent^ polarity; second, that this polarity 
is disturbed in intensity and direction by the varying effect of the 

heat of the sun; third, that the magnetism of the earth is affected 
by that of the sun and moun j and fourth, it is probable that maguetic 
polarity is common to all the bodies of the solar system. 

The second paper in the thirteenth volume of the Contributions-^ 
that on the silyered glass telescope — is fully described in an article 
at the end of this report* copied from the Intellectual Observer/' 
of London. 
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The third paper in the volume, ou the palajoatulugy of the Upper 
Missouri, was described in the last report. It occupies 158 pages, 
aod is illustrated by five plates of %ure8 engraved on stoae. 

A full account of the fourth paper, on the cretaceous reptiles of 
the Uoited States, as given hy tiie author, is also appended at the 
dose of this report* 

MitodUmeous Collections, — ^On account of the continued increase in 
the price of printing and paper, and the nnezpected length to which 
some of the works were tendings I thooght it adyisable to suspend, 
for the present, the general pablication of this series. Of the list 
of worire it comprised, as given in previous reports, the only ones 
published since the last session of the Board are the second part of 
Biuney's Bihliography of American Conchology, Meek's Check Lists 
of Fossils, and the supplement to Loew's Diptera. 

The first of these contains an acooant of the writings of foreigpa 
naturalists relative to American conchology, and also additions and 
correctionB of the first volume, with a copious index of authors and 
names of speciee. It forms an octavo volume of 300 pages. 

The second work consists of check lists of all the species of creta- 
ceous, jurassic, and miocene invertebrate fossils of North America 
which had been described up to the end of 18G3. These constitute au 
important aid in tiiu labor of cataloguing and labelling collections. 
The manuscript .of another number of the same series, prepared by 
Mr. Conrad, of Philadelphia, has been received. It gives a list of the 
eocene invertebrate fossils, and, as the work is much wanted to assist 
in the distribution of specimens, it will be put to press immediately. 

The other article of the Miscellaneous Collections published during 
the past year is the snpplement and completion of the second part 
of the monograph of the Diptera of North America, bj ^. Loew. 
A general account of the work on the diptera (oompristng files, mns- 
quitoes, Ike) is given in the report for 1861. This order of insects 
has perhaps a wider distribution than any other known, and, from 
the variety and the minuteness of the specimens, is difficult of study 
and clasailica,liou. Before attempting to give a monograph of the 
whole order, it was thought proper to print a catalogue of all the 
genera which had been described, and this work (prepared by Baron 
Osten Sacken) was published in 1858. The preparation of the mon- 
ograph was intnisted to Dr. H. Loew, of Meseritz, Prussia, one of 
the most eminent naturalists in this line now living. 

Li the first part of this work is an essay on the terminology of 
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diptera, a sketch of the systematic arrangement of tlic order, with 
the genera found in North America. It occupies 221 pages, and ia 
illustrated by two plates. Tho second part is occupied with a mono- 
graph of the American DoUchopodid». For a large portion of the 
materials on which both parts of this work are based the Institution 
is indebted to the liberal assistance of Baron Osten Sacken, though, 
some interesting species were Gommunicated to Mr. Loow by Mr. 
Le Baron, of niinois, and hj Professor Macklin, of Helsingfors, col* 
lected by Mr. Sablberg. The types of a collection were also lent to 
him by the directors of the Hof NatmraUm Kahinei^ of Vienna. 

Although the materiiils placed at tho di.^posal of the author were 
large, they did not reach the extent desired for tho preparation of a 
complete monograph. The hope is, therefore, expressed that ad- 
ditional collections vnW be made to complete tho work, and for this 
purpose the request is earnestly urged on all North American col- 
lectors who take an interest in this order of insects, to favor the 
enterprise by sending specimens to the Institution, which may be 
transmitted to Dr. Loew. 

The fauna of North American ]>olichopodid» far exceeds the 
European in the variety of forms and in the number of species. 
A striking circumstance connected with this class of insects as found 
in North America is their remarkable analogy to the remains of the 
fossil launa of the same iaiuily preserved in amber. In both there 
is the same abundance of species of a particular genus, difficult to 
distinguish on account of their close resemblance. It would appear 
from this, that if there is a gradual variation of species under varying 
conditions . of existence, this variation has been less in regard to 
American insects of this class than in those of Europe. It is import- 
ant in the progress of science not only to trace the limits of different 
faunas, .but to compare those of a similar class in different countries. 
At present^ however, this cannot .be done with any degree of pre* 
cision, except in the case of the American and European insect 
fauna. In this case it is distinctly perceived that the two approach 
each other in the species of several genera, while in others the 
species are identical, and again those which are identical in both are 
very unequally represented in the two countries. Of the species 
common to Europe and North America, it is not improbable that 
some of them should have been accidentally imported in ships from 
the former. 

The second part, induduig the snpplementi oonslsts of $71 p«geB» 
and is illustrated by five plates* 
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Two other works of the Bame series were completed, and would 
have been immediately published had the manuscripts not been de- 
stroyed by the tire. The first of these was a monograph of the 
Myriapodo, by Dr. IT. C. Wood, and the other a monograph on the 
Limiiobiiia, by Baron Osten Saoken. 

Be/xyrts. — The annual reports to Congress are printed at the expense 
of the government as public documents, with the exception of the 
wood-cuts, which are furnished by the Institution; and it is gratifying 
to be able to state that for a nnmber of years there has not been a 
dissenting vote in Congress on the adoption of the order to print the 
usual number of ten thonsand extra copies of this work. The manu- 
Bcript of the report for 1868 was unfortunately mislaid at the Capitol, 
and the public printer was therefore obliged to delay the publication 
on account of other more pressing demands of the departments of the 
government. It iB much to be regretted that at the recent fire at 
the Institution all the copies of the reports on hand for general 
distribution to individuals were destroyed, so that at present it 
will be impossible to supply the many applications which are made 
for copie-i of the back Tolumes of the series. The reports for 1861 
and 1862 were stereotyped, and when the cost of press- work and. 
paper is reduced to its normal state, a new edition of these may be^ 
struck off and disposed of at the mere price of production. 

The report for 18G3 contains in the appendix a course of lectures 
on the principles of linguistic science, by Profesjsor W. D. Whitney, 
of Yale College; a eulogy of Beautemps-Beaupre, translated by C. A. 
Alexander, esq., a continuation of the series of memoirs of distin- 
guished members of the French Academy of Sciences; an account of 
the or^in and history of the Royal Society of London, prepared by 
the same; an exposition of the modern theory of chemical types, 
by Dr. Charles M. Wetherill; an original article on the method of 
preserving Lepidoptera, with illustrations, by Titian B. Peale, esq. ; 
an account of a remarkable accumulation of bats at the residence, in 
Maryland, of M. Figaniere, Portuguese minister; a number of articles 
on ethnology, giving an account of ancient remains in various parts 
of America and Eur()pc. There are also a number of translations 
made expressly for the Institution, viz : researchers on the phenomena 
which accompanied the propagation of electricity in highly rarefied 
elastic fluids, by Professor de la Rive; report on the proceedings of 
the Society of PJiysios and Natural History of Geneva, by Professor 
Marcet; the oommencement of Plateau's researches on the figures of 
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eqnilibnmD of a liquid mass withdrawn from the aotion of gravity; 

an account of the history of discovery relative to magnetism; recent 
researches rehitive to the nebuL-e, by Professor Gauticr; an article 
from the annals of the Observatory at Madrid, by Miguel Merino, on 
the investigations made to determine the form and voliunb tln3 
earth; Arago's account of aeronautic voyages performed with a view 
to the advancement of science, to which is added from an English 
pablicaUon Mr. Glaisher's acconnt of his recent ascenaions in £ng* 
land; the first part of an interesting and valuable aeoonnt of the ab- 
origine! inhabitants of the Oalifomian peninsnlaf by Ba^gert, a Jesnit 
missionary who lived there seventeen years daring the second half 
of the last tentury ; and an article from a German sdenliflc periodica] 
on purple iiiid azure dyeing in anoif nt and uiodcni times. At the end 
of the volume a few of the more important tables of weights and 
measures, especially needed for reference in some of the preceding 
articles, have been added. 

Etlinologif. — Tho publications of the Institution relative to eth- 
nology during the past year are those given in the appendix to the 
last report^ the most important of which is a translation by Professor 
Ban, of an account of the aboriginal inhabitants of the Californian 
p^ninsul% by Baegert, a German Jesuit missionary. The book from 
which this translation was made was published in Germany in 1773» 
and is new very scarce and almost unknown in this country. It will be 
considered, we donbt not, at this time, an interesting contribntion to 
the ethnology as well as the early history of apart of the world which 
has of late years occupied so much of tho public attention. Mr. Rau 
has not given a translation in the strict sense of tho word, but a re- 
production of the work only so far as it relates to ethnological matters, 
his object being to rescue from oblivion facts relating to the history 
of a portion of the American race. The second part of this work will 
be published in the appendix to the present report. 

There is a growing taste for the study of ethnology in this country, 
and consequently a desire to form collections illustrating the condition 
of the Americsn aborigines in difierent parts of the continent. In 
order to encourage this tendency, and to bring together for critical 
study and comparison the scattered specimens which exist in this 
country, the Institution has requested, either as a gift or a loan, 
specimens of the arts and other remains found in mounds, excavations, 
or on the surface of the ground; and with the assistance of Professor 
Matile, formerly of the Universil^ of Neofchatel, commenced in 1S6S 
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the preparation of a series of moulds firom which casts are made for 
distribution and exciuinge. In carrying on this work wo liavu been 
favored with a large collection of Bpecimens of Mexican art, principally 
images and masks, by the American Philosophical Society, of Phila- 
delphia, from which moulds have been taken. The prosecution of 
this work has been temporarily aoBpended, but will be resumed as soon 
as facilities and means for its prosecution can be provided. In this 
connexion we would renew the request which we have made in pre- 
vions reports, that deaoriptionsof all mounds or aboriginal earthworks 
which may be discovered may be sent to the Institution for the pur* 
pose of fnrnishing the materials for a work at some fhture time on the 
distribution and migration of the ancient inhabitants of this continent* 
In order to preserve and render generally accessible the information 
which may bo obtained in this way, it will be published in the ap- 
pendix to the next succeeding annual report after its reception^ 

MOeoroloffy. — ^It has been mentioned in previous reports that the 
second volume of the results of meteorological observations made under 

the direction of the Smithsonian Institutiou and the Patent Office, from 
the year 1854 to 1859, was in press, and that its completion wa3 de- 
layed by the unnsnal amount of printing required by the necessities 
of the public service to be executed at the Gbvernment Printing * 
Office. It was thought best, therefore, to issue the portion already 
printed, without waiting longer for the other material whieh it had 
been intended to embrace in the volume. This portion, forming a 
quarto volume of more than five hundred pages, was consequently 
bound and distributed during the past year. It is divided into two 
parts, each occupying about half the volume. The first relates to 
the periodical phenomena of plants and animals from 1851 to 1859, 
inclusive, embracing observations upon the foliation of eighty-seven 
species, the blossoming of ninety-two, the ripening of fruit of ten, 
and the defoliation of eighteen species of plants, and upon the first 
appearance of sixteen species of birds, one of reptiles, three of fishes, 
and two of insects. These results have a direct application to me- 
teorological science, by indicating the progress of the seasons in dif- 
ferent localities, and their relative variability in different years. To 
these have been added several tables of the opening and closing of 
lakes, rivers, canals, and harbors, collected from various sources, 
and tending to illustrate the same leading features of climate as the 
records of organic phenomena. The materials were furnished chiejQy 
by the regular Smithsonian observers, and were arranged and pre- 
pared for publication by Dr. Franklin B. Hough, of Albany, N. Y. 
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The latter half of the folune & occupied with materiab for the 

critical study of three stormtin 1859, one of which occurred in Marcb^ 
and the other two in September, collected from the records of the In- 
stitution, and prepared for publication by Professor J. H. Coffin, of 
Lafayette College, Baston, Pennsylvania. One of the important ob- 
jects aimed at in establishing the meteorological. observations of the 
Smithsonian Institution was the collection of data for the critical ex- 
amiDation of the deTelopment and progress of the extended commo- 
tions of the atmoaphere which occor daring the antunn, winter, and 
spring, over the middle or temperate portiona of North America. It 
is well buowp that two hypotheaes as to the direction and progress 
of ^^^f^jHfe^ these storms have been adTooated with an exhibition 
of ^^'^•fe^ii^Jiiaual in the discussion of a problem of a purely scien- 
tific character, and which, with sufficient avaihible data, is readily 
susceptible of a definite solution. According to one hypothesis the 
motion of the air in these storms is gyratory; according to the other it 
is in right lines toward a central point, or toward an irregular elon- 
gated middle space. It is hoped that the data here given will be 
considered of importance in settiing, at least i^proximatelyi these 
questions as to the general phenomena of American storms. 

These two quarto volumes of meteorological results for the six 
years 1854 to 1859 inclusive, embracing nearly two thousand pages, 
together with a vokime covering very nearly the same period of time 
published by the War Department, probably form an unsurpassed 
body of materials for the investigation of meteorological phenomena 
over so wide an extent of country. The tables of the War Depart- 
ment embrace nearly two hundred quarto pages of reductions for five 
years, 1855 to 1859, inclusive, and form an appendix td the "statis- 
tical report on the siclcness and mortality in the army of the United 
States," published in 1860, compiled by Assistant Surgeon B. H. 
Coolidge, under the direction of Dr. Lawson, Surgeon Cfeneral United 
States army. The original records, both in the Smithsonian Institu- 
tion imd War Depiirtment, from which the results coutuiuod in these 
three volumes were deduced, are open to the examination of persona 
who wish to make investigations more minute, or of a more extended 
nature than can bo embraced in general tables. 

It is regretted that we have not the means at present of continuii^ 
the reduction of all the records as received from the observers, and 
of publishing the results. This want, however, is supplied to a 
lunited extent by the publication of the reductions of temperature and 
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rain in the monthly report on the state of the crops and ^e weather, 
iesned by the .Agricultnral Department, between which and this In- 
Btitution the relations mentioned m the last report have been main- 
tained through the past year. To pave postage, the blank forms 
bave been sent out and thu rrai-t* ; s returned through the irank of 
the office of the Commissioner ut Agriculture. The monthly bulletin 
above referred to, which is printed at the expense of the same de* 
partment, continneB to be received by the public wiUk mnoh £Gtvor ; 
. and, by means of its extensiTe distribntioD, presents the meteorolo- 
gical tables to a mncb larger circle of readers than is comprised in 
the list of our observers, awakening, to a correspondiog extent, an 
interest in the subject of meteorology. This branch ff science is 
receiving increased attention from year to year, and a larger number 
of individuals are devoting time and talent to efforts for unfolding 
the laws which control the formation and movement of vapor, winds, 
and change of temperature in all parts of the world. Meteorology 
has ceased to be a mere record of isolated facts. The special 
characteristic of modern efforts in this line consists in extended co- 
operation, and in determining the simultaneous condition of the 
atmosphere over extended r^ons of country. It is only by this 
means that the laws which govern the occurrence, motion, direction, 
and propagation of the disturbances of the atmosphere can be ascer* 
-tained. By comparisons of this kind isolated observations of others 
wise little value beoome important, and afford an ample field in the 
cultivation of which any person who will take the trouble to record 
the directiuu of the wind, the beginning and ending of rain, snow, 
hail, the time of blossoiiiing of tree«, appearance of birds, insects, 
4cc., may render valuable service. 

The daily record of meteorological observations telegraphed to the 
Imperial Observatory at Paris, and published in a lithographed sheet, 
Goniiuues to inoresse in interest and importance under the active 
and enlightened superintendence of H. Le Verrier, director of the 
observatory* From being the medinm simply for the circulation of 
telegraphic notices of the weather, it has become, in addition, a 
repository of valuable meteorological summaries, communications, 
criticisms, and announcements. The outline chart of Europe, with 
the curves of equal barometric pressure and direction of the wind at 
"the different stations on the day of publication, and also a table of 
the estimated weather for the following day, continue to be inserted 
in every number. The title of the publication is now * * International 
Bulletin of the Imperial Observatory of Paris.' ' It occupies more than 
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twelve bimdred folio pages yearly, at a subscription price of thirtynnx 
franoB* 

The InstitotioD has alao receiyed a sinular meteorologioal bnlletm 
from the Boyal Obaervatory et Falenno. In the first niunber of thisi 
a plan is proposed for distribnttngsimnltaneons meteorologioal obser- 
vations similar to that which was adopted previous to the war by the 

Smithsonian Institution, viz ; that of furnishing the most important 
telegraphic stations with meteorological instruments, and instructing 
the prmcipai telegraphist, or one of his assistants, in the process o£ 
making observations. A thoroughly organized system of this kind 
over the whole United States, with a series of directions for predict- 
ing the weather at a given place from a knowledge of the condition 
of the atmosphere at distant points, wonld be of vast importance to 
the maritime and agricultural interestSi particnlarly aloQg the Atlan* 
tic sea-board* It is hoped that as soon as order is restored and peace 
fully re-established throughout the southern portion of the United 
States, the system will be revived under still more favorable auspices* 
An important addition to the means at the command of the Insti- 
tution for this purpose has been furnished by the liberal action of 
the North American Telegraphic Association, in giving; the free use 
of all its lines for the scientilic objects of the Institution. The asso- 
ciation embraces the Western Union, the American, the Montreal, 
the Southwestern, and the Illinois and Mississippi Telegraph Com- 
pames, coveriQg the entire United States and Canada, including the 
overland line to San I^rancisco, which, by its charter, is required to 
transmit without charge scientific despatches for the Institution. 
The telegraph companies on the Pacific coast have also liberally 

granted tlio tame privileges. 

I am happy to state in this connexion that efforts have been made 
to revive and complete the meteorological observations which were 
collected by the Naval or National Observatory. The records from 
the log-books of the commercial and naval marine collected under 
the direction of the former superintendent, though imperfectly, and 
in many cases erroneously interpreted, were valuable contribntione 
to the materials from which the true theory of the general motions 
of the atmosphere are to be dednoed. 

The lake system of meteorology is still kept up under the new 
superintendent, Ool. Baynolds, though the Institution has not re- 
ceived the copies of the registers for the past yorir. 

The State Department has furnished the Institution with severiil 
meteorological contribations forwarded to. it by consuls in foreign 
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countries. Among them are obaervations made at Constantinople 
for the year ending September, 18G3 ; daily telegrapliic reports of 
the weather in Europe, communicated to the Central Physical Ob- 
servatory at St. Petersburg, Russia, for the year ending September, 
1864, translated and compiled by Mr. Edwin Phelps, United States 
'Consul ; meteorological review for the year 1864, from obsenrations 
at the Leprosy hospital of Lnngegnard in the city of Bergen,' Norway, 
reduced by O. B. Brentzer, United States consul ; monthly tables 
for a part of the year 1864, from the consul at Turk's Island, West 
Jodies. If all the American consuls in foreign countries would 
collect and send to the State Department local publications contain- 
ing meteorological tables, many valuable additions might bo furnished. 

The Navy Department, as heretofore, Las transmitted to the Insti- 
tution monthly reports kept at the naval hospitals at Chelsea, New 
York, and Philadelphia. 

A circular and a chart of stars prepared by the Connecticut 
Academy of Arts and Sciences was published by the Smithsonian Insti- 
tution, and distributed to its observers for the purpose of obtaining 
records of the meteors that might appear on the night of November 
13-14, 1864, but the general cloudiness of the night prevented the 
attainment of any valuable results. 

The three rooms in which the meteorological records wore kept 
•were destroyed by the fire on the 24th of January, 1865. Owing to 
the great rapidity with which the fire progressed much valuable ma- 
terial was lost, but fortunately the larger portion of the contents of 
the rooms were saved. Among the articles lost were the principal 
instruments used at the Institution for meteorological observations,' 
including the self-registering apparatus for recording the direction 
and velocity of the wind, constructed by Br. Smallwood, of Montreal, 
and partially described in the Smithsonian reports for 1856 and I860. 
It had been in operation since 1858. All the records kept by it were 
lost. As soon as a minute investigation can be made as to the miss- 
ing sheets of the general records, a list of deficiencies will be 
published, and it is hoped that a portion at least of these may be 
restored by copies of the duplicates retained by the observers. 

Laboratory. — During the past year the laboratory has been in 
charge of Dr. Charles M. Wetherill. The experiments mentioned in 
the last report on materials for light-house illumination have been 
continued, and a series of examinations has been made of different 
snbstances submitted for that purpose by the government. The most 
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extended series of ezperimente, boweyer, bos been tbai wbieb relates 
to tbe conditton of tbe air, and the mode of Tentibtioii of tbe IJiiited 
States Capitol. This snbjeot was referred bj Mr. Thomas U. Walter, 
the architect of the Capitol, to the Secretary of this Institution. 
The plan of the investigiition huviug been determined, the experi- 
menttj have principally been made by Dr. Wetherill. The reBiilt of 
this investigation, it is believed, will not only throw additionai ligiit 
on the points for which it wa8 instituted, but also form an interesting 
addition to the subject of ventilation. The work in tbe laboratory, 
also by Dr. Wetherill, comprised various researches upon subjects of 
chemical science. Of these, three, via. : On the nature of tbe so- 
called ammoniom amalgam;" *'0n the crystallization of sulphur; " and 
'*0n the crystalline nature of glass," will be published shortly in one 
of the scientific journals of the country. The means for carrying on 
physical research at the Institution have been materially diminished^ 
on account of tlie destruction by fire of the very valuable collection 
of physical apparatus. Fortunately the conflagration did not extend 
to the laboratory, and consequently the chemical apparatus was pre- 
served. 

CoUecttons of specimens of natural htstoryy (jtc. — The work of making 
collections of specimens of natural history has been prosecuted as in 
previous years. A very large collection of mammals, birds, eggs, 
&c., made in the northern part of British America in 1863, princi- 
pally by the officers of the Hudson's Bay Company, has arrived at 
Fort Garry, and is expected soon to be received in Washington* 
Collections have also been received from Labrador, Pnget^s sound, 
and from various parts of the United States, Oentral America, 
Mexico, and the West Indies, a detailed account of which is given in 
the annexed report of Professor Baird. Advantage has been taken 
of every exploring expedition which has been sent out by govern- 
ment, and in many cases of the assistance offered by officers of the 
army, particularly of the medical department, for adding new mat^ 
rials or duplicate specimens to the collections. The great object, as 
has been frequently stated before, of this work, is to obtain the ma- 
terials for an extended knowledge of the natural history of this con- 
tinent, and to furnish illustrations of type specimens to mufleums, 
colleges, and other educational establishments. 

The whole number of specimens catalogued during the last twelve 
years is upwards of 100,000, and including duplicates, the whole 
number collected will amount to five times that amount. 
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The difltribation of duplicates has been coDtinned aa rapidly as tbe 
identification and labelling conid be acoompHahed. In this dlstriba* 
tion regard has been had to the r^ti^e geographical positions of the 

establishments to which the firBt sets of specimens have been sent as 
well as to their importance as inilueutial centres of higher education. 
According to the statement of Professor Baird, it will be seen that 
already upwards of 16,000 specimens have been distributed during 
the year, and efforts will be made during the season to increase this 
nnmber. The importance of this branch of operations depends more 
npon what the Institution is enabled to distribute than on what it 
accmnnlates for permanent preser^tion. 

Museum, — ^The type specimens of the museum have been p:radua]ly 
increased during the past year, not only from the collections made 
by the Institutioo, but also from donations received from abroad, par* 
ticolarlj as regards rare birds, eggs, fossils, and animals. The Euro- 
pean spedmens of ornithology were requested for the purpose of 
enabling Professor Baird hj comparison to prosecute his work on 
American birds. 

Previous to the fire the large room partly occupied by the Stanley 

collection of Indian portraits had been fitted up with about two hun- 
dred feet of cases around the walls, to receive the ethnological speci- 
mens in possession of the Institution. While engaged in re-arranging 
the pictures above these ca-( s, the workmen, with a view to their own 
comfort, unfortunately placed the pipe of a stove in a ventilating flue 
which opened under the roof, and thus caused the conflagration which 
destroyed the upper part of the main building. Fortunately none 
of the ethnological articles had been placed in this room, and conse* 
quently these specimens, with those of the museum and of the general 
collections, have been preserved. 

Exchanges. — The system of international literary and scientific ex- 
changes has been continued during the past year with unabated 
^ergy, and on the part of the Institution exclusively, several hun- 
dred sets of its publications, each embracing 1,782 pages, have been 
sent to foreign institutions. 

According to the tabular statement given by Professor Baird it ap* 
peara that, during the year 1864, there have been despatched to 
foreign countries 1, Oil packages, each contuning a number of articles, 
enclosed in sixty-three boxes, measuring 546 cubic feet and weighing 
20,500 {>ounds* The number of packages received in return for 
societies and individuals in this country was 2,482 (nearly twice us 
many as in 1863) exclusive of those for the Smithsonian library. 
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Library.— -Tlie library has continued to increase, principally by 
the addition of all the current transactions of societies and of scientific 
joumalsp By exchanges there have been received 645 octavo^ 153 
quarto, and 25 folio yolnmes, 2,754 pamphlets and parts of volnmesi 
and 109 maps and oharts^total 3, 686. In the appendix to this report 
will be found a list of the foreign societies and individuals which have 
made donations to the library of tJie Institution, with the number of 
works received from 1860 to 1864. 

Xccfereff.— Up to the occurrence of the fire no lectures had been 

given this seasoo; indeed, on account of the increased expenditures 
incident to the advance of prices, it was tbought advisable to diminish 
the number of lectures, since tbis part of the operations of the estab- 
lishment has not been considered of so much importance as other sec- 
tions of the general plan of organization. It can scarcely be doubted 
that the publication in the late annual reports of synopses of the 
lectures has been of more service in the diffusion of knowledge than 
their delivery in the hall of the Institution, and that their place may, 
with equal advantage, be supplied by occasional and popular exposi- 
tions of certain subjects in a similar form. 

9 

The foregoing is the substance of what was intended for presenta- 
tion to the Board of Eegents as an exposition of the state of the In- 
stitution at the close of 1864, and of what had been accomplished 
during that year in the way of carrying out the programme of organic 
zation. On account of the burning of the original draft of the report, 
and of a largo portion of the records of the establibliment, the state- 
ments are not as full in some particulars as they would have been 
bad they been prepared under more favorable circumstances, but the 
deficiencies in this respect can be made up in the report for next 
year. 

The danger from fire at the Institution has been to me, firom the 
commencement of the occupancy of the building, a source of constant 
and anxious solicitude. The combustible character of the two wings, 
of the two connecting ranges, and of the interior of the towers, 
together with the plan of heating originally adopted, rendered an 
accident by fire far from improbable, and led me to enforce a system 
of vigilcUice, the strict observance of which I hoped would insure 
safety. The flame, however, was communicated at a point where 
danger was least suspected, and through one of those contingencies 
against which all circumspection is unavailing* 
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Bnt, filthough greatly to be regretted on account of the 4osses in- 
curred, the accident is not without compensation in considerations of 
a different nature ; thus, it has served to call forth the expression of 
a large amount of kind feeling in regard to the Institution, to direct 
tlie attention of Congress to the character and importance of its opera- 
tions, and has thns, perhaps, furnished the opportunity of remedjing 
some of the defects in the original law of its organization, which were 
the result of the novelty of the enterprise or the desire of reconciling 
inconsistent propositions. Immediately after the fire, as is well 
known to the Board, a committee of the two houses of Congress was 
appointed to inquire into its origin, the loss sustained, the means 
necessai y tu repair the building, and to collect sucli lacts in connex- 
ion with the whole subject as miglit be of public interest. This 
committee, after adopting the report of the special committee of the 
Board* as to the origin of the fire, called upon the Secretary for a 
detailed statement of the origin and objects of the Institution and of 
its operations from the beginning, in connexion with the policy of 
the Regents and his own superintendence of its affairs. 

In pursuance of this request I submitted to the committee a gen- 
eral review of the more prominent &cts connected with the adoption 
of the plan of organisation, and of what has been since accomplished 
towards realizing the views of the founder and the wishes of the 
friends of the Institution. Although this review may give facts 
faiiiiliar to some of tlic members of the Board and to those who 
have directed any special attention to the history of the estab- 
lishment, it may well bo inferred from occasional remarks, not only 
in the journals of the day, but on the floor of Congress, that there 
is no little need of the repetition of statements tending to correct 
misconceptions which arise, no doubt, much oftener from inattention 
than from prejudice. It is for this reason, and to keep before the 
public mind distinct ideas of the character and operations of the In- 
stitution, that I append, as the concluding portion of this report, the 
statement, somewhat expanded in the introduction, which I had the. 
honor of laying before the Joint Committee of Congress. 

SKETCH OF THE OBGANIZATIOH AXD OPERATION OF THE INSTmmOK. 

The founder of this Institution, James Smithson, was a graduate of 
the University of Oxford, devoted daring a long life to the advance- 
ment of science, and the author of a number of original contributions 
to geolc^, chemistry, mineralogy, &c. He was well acquainted with 

* See pioeee^xige of tbe Boud, 
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original r^arob in the various branches of knowledge, and had donbt* 
less a proper appreciation of the good which might be effected hj 
fonnding an institution especially adapted to advance this object. 

Ho accordingly iutrustcd his property to the United States to found 
an esstablibhiiient " inider the name of the Smithsonian In^fif vflon for the 
increase and dijf'usion of knowledge among men,'' Ho evidently did not 
intend by these precise terms to found a library or a mere mnsenm 
for the diffusion of popular information to a limited commnnity, bat 
a cosmopolitan establishment, to tneretue the mm of human knowledge 
and to diffuse this to every part of the civilized world. No other 
interpretation of the will is either in accordance with the terms em- 
ployed or with the character and habits of the founder. The ui- 
crease oi' himian knowledi^o, bv which wo must understand additions 
to its sum, would be of but little value without its diiTusioo, and to 
limit the latter to one city, or even to one country, would be an in- 
vidious restriction of the term men. These views, so evident to 
minds especially devoted to science, were not at once apparent to 
those whose studies and pursuits had been chiefly confined to litem- 
taro or public tiEurs. The first scheme which wus presented in re- 
gard to the character of the future institution proposed that it should 
assume the form of a university, but this idea was shown to be er- 
Toneous by the Hon. J. Q. Adams» who pointed out the fact that the 
object of a university was not to increase knowledge, but to diffuse 
that which already exists. The next proposition, which had many 
advocates, was that of a large library or museum; but these objects 
are in a measure local in their influence and tend, like the fornjer, to 
promote rather the diifusiou than the increase of knowledge. 

From this diversity of opinion as to the character of the proposed 
Instituldon, or from whatever other causes, the bequest was suffered 
to remain ihoperative £or eight years. It was not until 1846 thai 
Congress passed the act of organimtlon under which the Institution 
. has since continued in operation. 

This act directs that provision be made for a library, museum, and 
gallery of art, in a suitable building of plain and durable materials, and 
after these and some other general indications of the views of the 
legislature, leaves it discretionary with the Board of Regents to 
adopt such further measures for promoting the common purpose as 
might seem, in their judgment, best to comport with the terms of the 
donation. 

I may be permitted to state, without giving undue prominence to 
my own part in the organization, that immediately after the passage 
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of this aot I was requeated by one of the Begents to prepare a eketch 
of such an institution ae I deemad that of Smitbson ought to bo, with 
reference at once to the requirements of Congress, and the brief, 
though comprehenBive, phrases of the will. After devoting careful 

iittentiou to the cxpicssions uf the bequest, and being acquuinted 
with the character of the founder, I could not entertain the slij^htest 
doubt that it was the iuteotlon of the latter to establish a cosmopol- 
itan institution, which should be alike a monument of his own 
fervent love of science, an efficient instrumentality for promoting 
original researches and rendering a knowledge of their results 
accessible to inquiring minds in every part and age of the world. 
I accordingly advised the adoption of the plan set forth in the first 
section of the programme presented to the board in my report for 
1847,* a plan which is principally designed to increase knowledge 
b\ instituting researches and assisting in various wayb liiuu of talents 
and acquirements to make original investigations in all departments 
of scientific inquiry, as well as to diffuse the knowledge thus obtained 
by presenting, free of cost| to ail the principal libraries and public 
institutions of the world copies of a series of volumes containing the 
results of the investigations instituted. 

Previous to the presentation of these views, one of the Begmis 
had reported in favor of ipaking immediate provision for a library, a 
museum, a gsUery of aft, and other local olgeots, ib connexion with 
a system of lectures to be delivered in different parts of the country; 
while another Kegent had preseiitL'd an eloquent appeal in favor of a 
great library composed of books in ail languages and on ail subjects. 

In reviewing these and other plans of organizatioo which had been ^ 
previously advocated, it will scarcely be denied by an unprejudiced 
mind that, for the most part, they were such as to exert a merely local 
infloenoe, and which, if. they embraced means for the diffusion of ' 
popular knowldge, neglected the first and essential condition of the 
bequest, viz.: the tncreossof knpwledge — in other words, the advance* • 
ment of scienoe or the discovery and promulgation of now truths* 
On the other hand, the plan of orgauization presented in the first 
section of the report for 1847 is that of a living, active, progressive 
system, limited in its operations only by the amuuiit of the income; 
calculated to affect the condition of man wherever literature and sci- 
ence are cultivated, while it tends in this country to give an impulse to 
original thought, which, amidst the strife of politics and the inordi- 
nate pursuit of \realth, is, of all things, most desirable. 

* Qe9 pro^rromms of organization, pago B of this report. 
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These Tiewa, which have coiniuanded the approval of iinprojudlced 
•and reflecting perBons gonerally, and especially of men of science, to 
which dass Smtthson helonged, were fnWy shared from the first hy 

Professor Bache, General Totton, Gideon Hawley, esq., and in whole 
<ff in part by otlicr raembers of the board, and I was elected the 
secretary or principal executive officer, to develo|) and carry into 
practice, as I supposed, under the direction of the board, the plan I 
had suggested. 

The appointment was accepted with much and not cau^lcss solici- 
tnde as to the result I soon found that althongh a number of the 
members of the board were in favor of the promotion of original 
researches, or of what has since, by way of discrimination, been 
called the active operations, neither a majority of the Begonts nor 
perhaps the community in general was prepared to favor a plan of 
organization which should exclude the material representation of the 
Institution in the form of an extensive architectural structure calcu- 
lated to arrest the eye and embellish the national capital. 

It was in vain to urge the fact that a large and expensive building was 
not only unnecessary to the reaUaation of the purpose of Smithson, but 
that it would tend to defeat that object by absorbing the income^ con> 
trolling the future policy of the Institution, and confining its influence 
principally to a single locality; that it was not the estimated first cost 
of the edifice which should alone be considered, but also the expense 
of keeping it in repair and the maintenance of corps of assistants 
and employes which would be required in an establishment of this 
kind; that the increase of the collections of a miscellaneous library and 
public museum would, in time, require additional space; and that, 
finally, all the revenue of the bequest would be absorbed in a statical 
establisbment, or in attempting to do that which can only be properly 
aecomplisbed, as in other countries, by means of the government. 
Unfortunately the building committee had settled upon a design for 
the building in the Lombard style, and Congress had presented to the 
Institution the museum of the exploring expedition, then at the Patent 
OflSce, and directed that provision should be made on a liberal scale for 
its accommodation, neglecting, at the same time, to fill the blank in 
the act of organization, by which the cost of the building was to have 
been limited. It was this provision of the law which furnished a 
fulcrum for the influence exerted by the citizens of Washington, and 
persons pecuniarily interested, directly or indirectly, in contracts or 
otherwise, in favor of the erection of the present structure* Thus 



REPORT OF THE SECBETABT. 



37 



re-cnforced, the fascination of its architectural display as presented 
on paper proved too strong to be resisted. 

The adoption of this oxtensivo aud costly building was considered 
so inauspicious a begiiining that I had resolved to resign the office of 
director, and make no further atterapt to introduce the plan with a 
view to the success of which I had accepted the positioOf when a 
temporary compromise was proposed by which the Boveral plans 
might be brought to the test of experience, and an opportunitjr ap- 
parently given for any modifications wkich might be found ftdvisable. 

In order to meet the large expenditure on the building, to provide 
for the support of the establishment necessarily connected with it, 
and to leave the greater part of the interest of the original bequest 
free to be applied to its more legitimate objects, it was resolved to 
create an extra fund, while gradually developing the plans of organi' 
zation, and for this purpose the following course was adopted: 

1. The building to be erected in parts, and its different portions 
gradnally brought into requisition, its completion being thus delayed 
for a number of years. 

2. The sum appropriated to the building, furniture, and grounds, 
viz., j|250,000, being mainly the interest which had accrued previous 
to the organization, to be invested in United States treasury stock, 
bearing interest. 

3. The jjlan of organization to be gradually developed, and, instead 
of expending upon it from the first the whole interest of the original 
bequest, a part of this to be also invested m ireasury bonds. 

4. The remainder of the income to be divided between the active 
operations on the one hand and the library and museum on the other. 
The latter to be restricted principally to scientific books and to 
type specimens. 

This compromise was adopted, and has been so successfully and 
steadily carried out financially, that at the commencement of the 

war, after paying for the building, accumulating a very valuable 
library, establishing and supporting a large museum, and carry- 
ing on all the active operations of the establishment, an extra fund 
had been created amounting to $140,000. In order to secure this 
from the contingencies of any future expenditure on buildings or 
loss from hazardous investment, a petition was preferred to Con- 
gress to take it from the care of the Regents and deposit it with 
the original principal in the treasury of the United States, sub- 
ject to the same restriction, viz., that the interest alone could be 
expended. This petition not having been acted upon, the Begents 
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deemed it expedient to invest the money in such State stocks as were 
then considered most eligible, aed accordingly there were invested 
in — 



Indiana 5 per coot, stock • |75,000 

Virginia C " " " 53,500 

Tennessee 6 ** •* *• 12,000 

Georgia 6 *« *♦ 500 

Washington 6 •* ** 100 



AtaiouDtiog in all to • • 141, 100 



This acbeme baa afforded ai| ample opportanify to compare the 
relative adyantages of the' two principal plana of organization and to 
▼erifj the predictions which were originally made in regard to the 
bnilding. Though bnt a portion of the income has been deroted to 
the actire operations, they have produced results in the way of in- 
creasing and cliffnsing knowlcdixe abundantly sufficient to justify the 
anticipations which were entertained in regard to them, and to con- 
vince the most skeptical of their primary importance. As to the 
building, it is now abundantly proved that a structure of one -fifth of 
the cost would have been sufficient for the wants of the Institution, 
and that two grave errors were committed in the adoption of the pres. 
entone: first, the plan was bat little adapted to the nses to which the 
edifice was to be applied ; second, the style of architecture required a 
far greater expenditure than the amount to which the cost of the 
building was limited. For the purpose of architectural effect the 
interior was very iucouvenicntly divided; the buttresses, turrets, and 
towers, while they add very little to the Hccommodation of the build- 
ing, greatly increased the cost. To have constructed the building 
in a substantial and durable manner, in strict conformity with the 
Lombard style of architecture which was adopted, would have re- 
quired an expenditure of at least double the amount of the sum 
appropriated for the purpose. It was, therefore, necessary, in order 
that the exterior might be constructed in freestone, that the interior 
should be finished in wood and stucco, and that thus recourse 
should be had to the presentetion of a falsehood to the eye in the 
very inauguration of an enterprise 'for the advancement of truth. 
The two wings and the two connecting ranges were completed in 
this manner. The main building, which is 200 feet long and 50 wide, 
embellished with six towers, was also in process of coin[)]etion, the 
framing of the interior having been finished, when the underpinning 
gave way and the whole of the woodwork fell to the ground. After 
the occurrence of this accident a commission of architects, appointed 
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to examino the buildingi reported that the exterior walk were well 
built, both in regard to coDBtniction and materials, bat that the plan 
of finishing the interior in wobd and stucco was improper for an edifice 
intended to contain valaable articles; it was therefore recommended 
that fire-proof materials sbonld be employed for the portions of the 
work which remained to be constructed. In conformity with tliis 
recouimenclation the interior of the maia building was completed iu 
iron, stone, and hrick, with the exception of the roof, which, being 
covered with slate and not supposed to be exposed to danger from 
fire, was suffered to remain. It was this change, in the mode of con- 
structing a portion of the edifice, which, during the late fire, saved 
the contents of the whole from destruction. It, however, increased 
tiie cost of the building to upwards of $300,000, leaving the remain- 
ing parts of the interior of the stmctnre in perishable materials. 

It was hoped that, through the adoption of the compromise propo- 
eitions, the importance of the active operations wonld speedily 
become apparent, and that the plan of erecting an expensive 
building would bo abandoned before more than one of the wings 
had been completed; but, though the construction of the edifice 
was, in accordance with the agreement, extended over a number of 
years," yet in anticipation of such au interference with its ultimate 
completion, so largo a portion of the lower story of the whole struc- 
ture was commenced in the first two years that it was apparent no 
successful opposition could be made to its further progress. Nor 
can Congress be absolved of the charge of having indirectly con- 
tributed to encumber the bequest with the cost and maintenance of 
80 extensive a building and so numerous a retinue : with more 
justicOf therefore, may it be invoked to relieve the Institution, in 
due time, from the burden imposed upon it. It should, however, be 
remembered, on the other hand, that by repeated enactments Oon* 
gress has sanctioned the prominence which has been given to the 
active operations, and acquiesced in the adoption of the special 
character which has been impressed on the library and museum. It 
has relieved the Institution from the care of the grounds, also of 
the copyright books which were intended to swell the number of 
volumes, and, so far from still considering the museum of the ex- 
ploring expedition a desirable gift, it has granted for several years 
past four thousand dollars annually to assist in bearing the expenses 
of preserving and exhibiting the specimens. 

It is to be regretted that Congress directed that provision should be 
made on a large scale for a library and museum, since each tends to 
cripple the other, and the whole to diminish the efficiency of the active 
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operations. A conscientious endeavor, however, has been made to 
liarmoiiize the whole scheme, hy establishing a special library, con- 
Bistiug of the transactiona of learned societies and systematic works on 
all branches of science, together with « limited muaeam of type speci- 
mens, principally of the products of the American continent. And, 
on the whole, it may be pronounced that, notnrithBtanding the inans- 
picious circnmBtances which attended the commencement of the In- 
stitution, as before stated, and the difficulties with which it has had 
to contend from time to time, the results it has produced have been 
such as to commend it to the public generally throughout our own 
country, and to make it favorably known to the cultivators of science 
wherever found. It has identified itself with the history of almost 
every branch of knowledge which receives attention at the present 
day, and its transactions and proceedings are constantly referred to 
as authoritative on all subjects to which they pertain. With no desiro 
to exaggerate its importance or advantages, the fact may be satisfac- 
torily cited that the recognition of its services io behalf of science 
exists in the contemporary works of all languages, that its publications 
are found wherever letters are cultiTated, and its specimens in all 
the principal museums of the world. If it was the desire of the 
founder to perpetuate the memory of his liberality, that de«re has 
been thus fully gratified; nor is the memorial of his enlightened and 
comprehensive benevolence limited as to place or time, since it is 
everywhere renewed with the yearly dissemination of the publica- 
tions which bear his name. 

The following brief sketch of the labors of the Institution i^p to the 
present time will not only serve to show what it has done, but also 
to illustrate the capability of the plan of active operations for pro- 
ducing important results in the way of increasing and diffusing know- 
ledge among men. 

AC 11 VB OPERATIONS. 

PiiUicatum, — ^The Smithsonian Institution has established three 

classes of publications, in which are contained the articles hereafter 
to be mentioned. These are as follows: 

1. A quarto series, entitled "Smithsonian Contributions to Know- 
ledge," issued in volumes, each embracing one or more separate 
articles. Of these the fourteenth is nearly through the press. 

2. An octavo series, entitled Smithsonian Miscellaneous Collec- 
tions,'' which in the aggregate make six large volumes. 
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3* Another ooiavo series, consistiDg of tke aoDiiol reports of the 
Institiitioii to Cougiess, called '^SmithsomaD Beports/' of which 

eleven volumes have been published. 

The Smithsonian Contributions to Knowledge include memoirs em- 
bracing the records oi' extended original iuvestigations and researches 
resulting in what are beljeved to be new truths, and constituting 
positive additions to the sum of human knowlrdrre. 

The series of Smithsonian Miscellaneous Collections contains reports 
on the present state of our knowledge of particular branches of 
adence f instmctioDS for collecting and digesting facts and materials 
for research ; lists and synopses of species of the organic and inor- 
ganic world J museum catalogues ; reports of explorations ; aids to 
bibliographical iuvestigations, &c. • generally prepared at the express 
request of the Institution, and at its expense. 

The Annual Reports include tlie oflicial reports of the Secretary to 
the Board of Regents of the operations and condition of the Institu- 
tion ; the reports of committees of the board ; abstracts of lectures 
delivered before the Institution; extracts from correspondence; origi- 
nal or translated articles relating to the history and progress of 
science, Sbc 

The following rules have been observed in the distribntion of the 
first and second series : 

1. They arc presented to all learned societies of the first class 
which publiah truusactions, and give copies of these, in exchange, 
to the Institution. 

2. To all foreign libraries of the first class, provided they give in 
exchange their catalogues and other publications, or an equivalent* 
from their duplicate volumes. 

3. To all the colleges in actual operation in this conntiy, provided 
they furnish, in return, meteorological observations, catalogues of 
their libraries and of their students, and all other publications issued 
by them relative to their organization and history. 

4. To all States and Territories, provided they give, in return, 
copies of all documents published under their authority. 

5. To all incorporated public libraries in this country, notincluJud 
ill any of the foregoing classes, now containing 10,000 volumes; and 
to smaller libraries, where a whole State or large district would be 
otherwise unsupplied. 

Institutions devoted exclusively to the promotion of particular 
branches of knowledge receive such articles published by the Insti- 
tntion as relate to their objects* Portions of the series are also given 
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to iDatitations of Idflser grade not entitled, under the above rales, to 
tbe full and also to tbe meteorologtoel correspondents of tbe 

Instiiutioii. 

The reports arc of ii more popular character, and are presented — 

1. To all the meteorological observers and other collaborators of tbe 
Institution. 

2. To donors to its library or museum. 

3. To college'^ nnd otber educational establishments. 

4. To public libraries and literary and scientific societies. 

5. To teachers or individnals who are engaged in special stadies^ 
and who make direct application for them. 

Besides the works which have been published entirely at the ex* 
penso of the Institution, aid has been furnished by subscription for 
copies to be distributed to foreign libraries of a number of works 
which fall within the class adopted by the proj^ramme. The princi- 
pal works of this kind for which subscriptions have been made are as 
follows : Agassiz'a Contributions to Natural History, Gould's Astro- 
nomical Journal, Shea's American Linc:ni>tics, Riinlcle's Mathematical 
Monthly, Deaae's Fossil Footprints, Taomey ^ Holmes's Fossils of 
Sooth Carolina, Feirce's Analytic Mechanics. 

Meteorology. — ^The investigation of all questions relative to meteor* 
ology has been an object to which the Institution has devoted special at- 
tention, and one of its first efforts was to organize a volnntary system of 
observation, wliich should exteud as widely as possible over the whole 
of the North American continent. It induced a skilful artisan, under 
its direction, to commence the manufacture of carefully prepared and 
accurately graduated instruments, now gori^raily known as the Smith- 
sonian standards. It prepared and furnished a series of instructions 
for the use of the instruments end the observations of meteorological 
phenomena ; also three series of blank forms as registers. 

It next organicsed a body of intelligent observers, and in a compar- 
atively short time brought the system into practical operation ; each 
year the number of observers increased, and where one ceased his 
connexion with the enterprise, several came forward to supply his 
place. By an arrangement with the Surgeon General of the army, 
the system of observationfl at the United States military posts in dif- 
ferent parts of the country, and also tliat which bad ])revionsly been 
established by the State of New York, were remodelled so as to bar* 
monize with that of the Institution. Gentlemen interested in science, 
residing in the British provinces, and at nearly all the posts of the Hud* 
son's Bay (Jompany, also in Mexico, X/entrsl America, the West In- 



BKPOBT OF THB SBOBBTABT. 43 



dies, aiKi some places in South America, Ac, joined in the enterpriBe; 
and, with few exceptions, at the beginning of the war every dis- 
trict of considerable size bad in it at least one if not more observers. 

All these contribnte their services without compensation, their only 
reward being the satisfaction of co-operating with each other and 
the Institution in the effort to supply data and materials for investi- 
gation. Any returns, indeed, which the Institution has in its power 
' to make are gladly rendered in a hearty acknowledgment of assist- 
ance, and in copies of all the Smithsonian publications likely to be 
of interest. 

Besides the materials obtained directly from the observers of the 
Institution, a large amount of other matter relative to the meteor- 
ology of North America has been accumulated — such as copies of all 
the known series of records for long periods wbiob could be obtained; 

series which have been compiled during explorations and surveys for 
the government, those wliicli have been the result of local associa- 
tions, and of the system of observations established in connexion with 
the survey of the great lakes, as well as of the common school system 
of Canada, and many thousand notices of the weather at difierent 
times and places, collected from newspapers and periodicals. 

No other part of the world has offered such facilities for the coU 
lection of meteorological data^ the system extending over so large 
a portion of the earth's surface; the observers, with few exceptions, 
all speaking the same language, and many of them being furnished 
with full oets of compared standard instruments. 

It is to bo regretted that this system has been partially interrupted 
during the war, and that the portion of the income of tho Smithsonian 
fund, whicli could be devoted to the reduction and discussion of the 
material collected, has not been adequate to the labor of deducing 
'from 80 large a body of data all the valuable truths which they are 
capable of affording. It has had assistance, however, from the sgri- 
cultural department of the Patent 0£Bce, by which the results of five 
years' observations of all the elements and a series of temperatures 
for long periods have been prepared for publication. 

From ali the observations made up to 1860, isothermal charts were 
constructed, presenting much more accurately than had ever been 
done before, the distribution of temperature over the coutiiient of 
North America; a series of rain charts, and also a large map exhibit- 
ing the regions of original forest, of arable prairie and of desert in 
the United States, have also been prepared. 

The Institution has fully established the fact, which wasfpreviously 
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indicated in regard to stonna, hy the investigations of Mr. Espy and 
others, in relation to the United States, namely, that all snch meteoro- 
logical phenomena, aS variations in the pressure of the atmosphere, 

sndden changes of temperature, either of nntisually warm or cold 
weather, thunder-storms, tornadoes, as well as storms of wind, rain, 
&c., which occur within the temperate zones, travel from west to east. 
The simultaneuiis system of observations established by the Institu- 
tion furnished the means of placing this great law of meteorology in 
prominent relief, and of first reducing it to practical utility. 

As early as 1849 the Institution organized a system of telegraphic 
despatches, by which information was received at Washington of the 
condition of the weather at distant places in the southwest and north- 
west, and from this, in accordance with the law before mentioned, 
it was often enabled to predict, sometimes a day or two in advance, 
the approach of any larger disturbances of the atmosphere. Subse- 
quently the telegraphic despatches were daily exhibited at the 
Institation on a map of the United States by means of a series of 
movable cards of different colors, which indicated the meteorological 
condition at various points, showing at a glance in what parts of the 
country it might be clear or cloudy, 'raining or snowing; and by 
arrows the existing direction of the wind. The returns were also 
published in one of the evening papers. Unfortunately this enter- 
prise was interrupted by the cessation of the observations in the 
southwest, and by the constant use of the telegraph for the purposes 
of the government. 

The advantages possessed by the Smithsonian Institution for inves- 
tigations of this kind will be evident, when it is recollected that a 
large portion of its observers are stationed west of Washington, that 
the phenomena approach it over a large extent of land, and can be 
critically noted through every part of their passage eastward, while 
the phenomena which are presented to the meteorologists of Europe 
traverse in reaching them a wide expanse of ocean, from which only 
casual observations can be gleaned. 

The publications of the Institution contain many memoirs which 
have tended to advance the science of meteorology. Among these 
may be mentioned the meteorological and physical tables prejiared 
at the expense of the Institution by Professor iiuyot, and filling a 
large octavo volume of the Miscellaneous Collections. No work extant 
answers the some purpose with the one referred to, which has hence 
become a general standard of reference, the constant demand for it 
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well in Kurope aB America having required the printing of several 
successive editions. 

The results of the redactions for five years previous to 1860 have 
been pnblbhed in two volumes of nearly 2, 000 quarto pages, con- 
taining a mass of materials of great value in determining the average 
temperature, fall oi lain, barometrical pressure, moisture, direction 
of the wind, and time of various periodical phenomena relative to 
plants, animak, &c. 

In addition to these large and important volumes, other works 
have been published by the Institution which have had a marked 
influence on the progress of meteorology. Among these may be 
mentioned the works of Professor Coffin, on the winds of the northern 
hemisphere; of Mr. Chappelsmith, on a tornado in Illinois; of Professor 
Loomis, on a great storm which pervaded both America and Europe; 
the reduced observations for twenty-eight years of Professor Caswell, 
at Providence, Rhode Island; of Dr. Smith, for twenty j'ears in 
Arkansas; of Dr. Kane and Captain McClintock, in the arctic seas; 
ou the heat and light of the sun at dilTerent points, by Mr. Meech; 
on the secular period of the aurora, by Professor Olmsted; the 
occurrence of auroras in the arctic regions, by Mr. P. Force, 4a 

Besides these, a series of meteorological essays embodying many of 
the results obtained from the investigations at the Institution has 
been prepared by the Secretary, and been published in the agricul- 
tural reports of the Patent Office. 

Asironomy. — The Institution has advanced the science of astronomy 
both by its publications and the assistance rendered to observers. 
To'facilitate astronomical observations, it prepared and published for 
six years an annual list of occultations of the principal stars by the 
moon, and printed and distributed a series of tables for determining 
the perturbations of the planetary motions, the object of which de- 
termination is to facilitate the calculation of the places of the heavenly 
bodies. These tables have accomplished the desired end, saving to 
the practical astronomer an immense amount of tedious and monoto- 
nous labor. 

The name of the Institution has been I'avorablv connected with the 
history of the interesting discovery of the planet Neptune. From a 
few of the first observations which had been made on this planet Mr. 
Bears C. Walker calculated its approximate orbit, and by this means 
tracing its path through its whole revolution of 166 years he was en- 
abled to carry it backward until it fell among a duster of stars, ac« 
cnrately mapped by Lalande, towards the close of the lasks century. 
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After minute inspection he was led to condude that one of the stars 
which hod hee^ observed by Lalande in 1795 was the planet Nep« 
tune. He was thus supplied with the amount of its motion for np- 

wards of lifty years, from which he deduced ii much more perfect 
orbit, and was enabled to construct aa ophcmeris giviug the place of 
the planet for several years iu successio!i. These investigations, so 
interestinj;^ to astronomy and honorable to this, country, were prose- 
cuted and published at the expense of the Institution, the name of 
which will be farther connected with the planet Neptune by the pub- 
lication, now in press, of a new discussion of all the observations which 
have been made on this body for the last fifteen years. This work, 
which is by Professor Newcomb, of the United States navy, will 
furnish not only the means of determining the exact position of Nep- 
tune for years to come, but also the data for ascertaining whether it 
is affected by other bodies than those now known to astronomers. 

To render more •>-cnorally accessible to pructical astronomers in 
this country the tln ory ui the motion of the heavenly bodies by the 
celebrated Gauss, the Institution sliared the expense of publishing a 
. translation of this treatise by Admiral 0. H. Davis, U. S. K., from 
the Latin. It furnishes a complete system of formulas for computing 
the movements of a body in any of the carves belonging to the class 
of oonio sections, and a general method of determining the orbit of a 
planet or a comet from three observations, as seen from the earth. 

For a number of years aid was.afforded to the publication of Gould's 
American Astronomical Journal, which rendered good service to the 
science by makiiiL,^ promptly known to'fo reign observers the results of 
the labors of thvir contemporaries in America. It has also had rp- 
duced by Mr. Charles A. Schott, and published at its own expense, 
the astronomical observations made by Dr. Kane in the arctic regions, 
and has now in hand those which were made in the same regions by 
Dr. Hayes. « 

Congress having authorized in 1849 an astronomical expedition 
under lieutenant Gilliss to the southern hemisphere for the purpose 
of determining the parallax of the planets, and consequently their 
distance from thu sun, by observations on Venus and Mars, accident- 
ally failed to make the appropriation for instruments. This omission 
was supplied by the Institution, which was subsequently indemnified 
for the expense by the Chilian f^overnraent. 

In the observation of all the larger solar eclipses which have hap- 
pened since the date of its organization the Institution has actively 
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and efficiently co-oper:ited by publishing projectioits of the phases and 
times of their occnrr( nee in dilTeient parts of America. 

Under its auspices, and partly at its expense, an expedition was 
inaugurated by Lieutenant Gilliss to observe the great eclipse of 1858 
in Peru, from which data of value Ibr the improvemdnt of solar and 
lunar tables were determined, besides facts of interest in regard ta 
the physical constitution of the sun. 

Assistance was also rendered to the expeditions under the direction 
of the Coast Survey to observe the eclipse of July 18, 1860, one of 
which was iient to Labrador, uuder the charge of Professor S. Alex- 
ander, of New Jersey, and the other to Washington Territory, under 
that of Lieutenant Gilliss. 

To these may bo added an account of an instrument invented by 
Bev. T. Hill, president of Harvard College, for the projection of 
eclipses. 

Fhysics and chemistry, — ^The Institution has fostered these sciences 
in many different ways; among others, by importing models of the 
most improved articles of apparatos, and making them known 
scientific men through lectures and otherwise. 

It has instituted an extensive series of experiments on building 
materials, particularly in reference to those employed by the gov- 
ernment in the construction of the Capitol and other public edifices; 
also a like scries on acoustics, a.^ applied to public halls, and the prin- 
ciples d(MJuced from these were practically applied in the construction 
of a model lecture-room. It has made a very extended series of ex- 
periments on different substances employed for light-house illumina- 
tion, from which has resulted the substitution of another material for 
sperm oil, and the consequent annual saving of a large amount of 
money to the government. 

In compliance with requests made by different departments of the 
government and of Congress, particularly since tlie war, it has con- 
ducted various series of investigations, principally in relation to ques- 
tions involving mechanical, chemical, and physical principles, and has 
made reports on subjects of this kind amounting, in the aggregate, 
to several hundred. 

To facilitate researches, a laboratory has been established and kept 
constantly in working condition, the privilege of using it having been 
given to various competent persons for experimenting in difffrent 
branches of physical science. Just now it is occupied by Dr. Weth* 
erill for the purpose of conducting a series of analyses of samples of 
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air from the halls of Oongress, <&c., from which a report is to be 

made, under the direction of the Institation, on the ventilation of the 
public buildings of this city. 

The most important publications under this head are the researches 
relative to electric currents, by Professor Secchi; on the explosibility 
of nitre, by Dr. Hare; on the ammonia-cobalt bases, by Drs. G-ibbs 
and Genth; and on astronomical photography, by Dr. Henry Draper. 

A valuable report on recent improvements in the chemical arts by 
Booth ib Morfitwas published in 1852, and there have been given in the 
annual reports of the Institution a series of translations and articles 
presenting a view of the progress of physics and chemistry from 
year to year, since 1853, among which we may particularly notice 
the translation of Miiller on recent contributions to electricity, and 
the reprint of Powell on Eadiant Heat. 

Terresiridl magneUam^-^ThQ subject of terrestrial magnetism has 
been prosecuted simultaneously with that of meteorology, and an- 
observatory was erected in the Smithsonian grounds, fitted up with 

the most approved instruments, and conducted under the joint 
auspices of the Institution and of the Coast Survey. Aiier remain- 
ing in operation for several years, the instruments were transferred 
to Key West, as a remote station where observations were still more 
desirable. Instruments were also furnished an expedition to Mexico, 
and used with much success by Mr. Sonntag, whose results were 
published in the Smithsonian Contributions to Knowledge. Appa- 
ratus was also furnished to Dr. Kane, Dr. Hayes, and other explorers, 
by means of which valuable results were obtdned. 

Of the more important publications of the Institution, which have 
tended to advance this science, may be mentioned the articles by 
Dr. Locke, on the dip and intensity : the elaborate discussion, by 
Professor Bacbe, of the magnetic observations made at Girard College 
from 1841 to 1845 ; the report on magnetical observations in the 
arctic soas by Dr. Kane, reduced at the expense of the Institution 
by Mr. C. A. Schott, and those made in Pennsylvania and adjacent 
States by Professor Bache, and in Mexico by Mr» Sonntag. 

Ih^phrcUiona. — ^In the deficiency of means for more extended oper« 
ations, as has been frequently represented in the annual reports, the 
efforts of the Institution in the line of explorations and collections are 
confined, as strictly as possible, to America ; but within this limit 
there are few regions which have not furnished scope, in some form, 
to its activity. Arctic America, all the unknown portions of the 
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United States, Mexieo, * Central and Sonth America, and the West 
Indie'B, have been laid nnder Qontrlbation for facta and materials by 
which to advance science. 

An eminently useful inflnence has been exerted by the Institution 
through the aid it has afforded in the organization of the different 
governmcut explorations by land and by sea. Wlietlier by official 
representations to the heads of departments, or perajonal influence 
witli ofiicers and employes, it has secured tlie engnp^ement of indi- 
viduals competent to collect facts and specimens ; it has instructed 
persons thus engaged, and others, in the details of observation f it 
has superintended the preparation, and, in some coses, borne the ex> 
pense of the necessary outfits ; has furnished fresh supplies from time 
to time to the collectors while in the field ; received the collections 
made, and preserved them for future study, or ' at once consigned 
them to the hands of competent persons, both at home and abroad, 
for investigation; directing the execution of the necessary drawings 
and engravings for the reports, and, finally, superintending the print- 
ing and even the distribution of any available copies of the completed 
works to institutions of science. Prior to the establishmcMit of the 
Institutioa but littlj had been done by our government in the way of 
scientific explorations, with the exception of that under Ciiptain 
Wilkes. But since then nearly every United States expedition, 
whether a survey for a Pacific raihroad route, a boundary line between 
the United States and regions north or senth of it, or within its 
borders, a wagon-road across the Bocky mountains, or an ordinary 
topographical exploration, has been influenced and aided more or 
less, as above stated. A list of the expeditions has been, from time 
to time, published in the annual reports, and it is sufficient iieie to 
say that their total number up to the present time is about fifty. 

Besides these, similar explorations have been carried on without 
any reference to*the government, and either entirely or in a great 
measure at the expense of the Institution, and always at its sugges- 
tion, or under its direction. Prominent among these may be men- 
tioned the three years' researches in the arctic regions, by Mr. Een* 
nioott, with the co-operation of gentlemen of the Hudson's Bay Com- 
pany ; oftlfr. Drexler, in the region of Hudson's bay, and also in the 
Rocky mountains : of Mr. Cones, in Labrador j of Lieutenant Feilner, 
in Nebraska and Northern California; of Mr. John Xantus, at Fort 
Tejon, Cape St. Lucas, and in Western Mexico ; of Lieutenant Trow- 
bridge, on the coast of California ; of Drs. Cooper and Suckley, in 
Western America generally ; of Drs. Coues and Beers, in JBLansaa, 
4s 
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Neir Mexico, and Arizona ; of Dr. Irwin, in Arizona ; of Dr. Hitz, 

about Laramie Peak ; of Lieutenant Couch, in Texas and Mexico ; of 
G. Wurdemann, Lieutenant Wright, Captain Woodbury, and others, 
in Florida and the Gulf of Mexico : of Dr. Sartorius, Professor Sumi- 
<;hraat, Dr. Bercndf. in Mexico^ Dr. Von Frantz, J. Carniol, in 
Costa I?ica : of Mr. March, in Jamaica ; of Mr. Wright, Dr. Gund- 
lach, Profoddor Poey, in Cuba f Jadge Carter, in Bolivia, besides 
many others. 

In addition to the collections which have been receired from ex- 
plorations organized nnder the direction of the Institation, large 

numbers of duplicate specimens have been presented by the meteor- 
ological observers and other Smithsonian collaborators, the whole 
ibrming a ho^y of material for the iliusLratiou and study of tlie pro- 
ducts of the American continent unequalled by any collection pre- 
viously made. The cxploratio'js. however, as might be inferred, 
have not been rnnfined to the collecting of specimens, but have also 
furnished information r^lativ^ to the topography, geology, physical 
geography, ethnology, and the living fanna of the regions visited. 

The resalts have been published by government, the Institution, 
or other parties. The extent and importance of these publications 
may be seen in the volumes of the reports of the Pacific railroad and 
Mexican boundary surveys ; of the United States astronomical expe- 
dition to Chili, nnder the late lamented Captain Gilliss ; of Captain 
Stansbury's exploration of Utah; of Lieutenant Michler's of the 
Isthmus of Darien, <tc., &q. ; in the volumes of the Smithsonian pub- 
lications, and in the transactions of nearly all the scientific institu- 
tions in the United States. 

In order to facilitate the operations of collectors, a series of gene- 
ral directions have been prepared and widely distributed, free of 
eharge, for collecting, preserving, and transporting specimens of 
natiiral history, and also special instructions for collecting nests, eggs, 
shells, insects, Ac 

Descnption and distribution of ooUecHons andspedmens, — ^The object 
of making these collections, in conformity with the policy of the In- 
stitution, was not merely to supply a large museum in W^ashington 
with permanent specimens or duplicates lor exchange, but to furnish 
the naturalists of the world with the materials for advancing the 
fldence of the natural history of North America, and of fiacilitating 
the study of its various branches by supplying museums both in the 
United States and in Europe with sets of type specimeu^. 
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Id parsnance of this object, full sets of the BpeclmeQS collected 
have been Bnbmitted to a large number of nataralists, both in thie 
conntrj and abroadf for critical study and descriptioo, and it is not 
too much to say that scarcely a moDQgraphio investigation has been 

conducted for ten years past in any branch of American zoology which 
has not derived part or the whole of its material from the Smithsonian 
collections. Duplicates of the specimens, when described, have been 
made up into series for diritribntion, always accurately labelled, and 
are usually types of some published iavestigation. Tlie average of 
such distribution has, for the last ten years, hoeri at least ten^ousand 
specimens annually, while the distribution of 18Q4 amounted to nearly 
five thousand species and seventeen thousand specimens. In this 
way, besides supplying the principal mqseums of Europe with speci- 
mens, all the older museums in this country as well as Canada have 
been largely increased, and the foundation for several new establish- 
meiits of a similar kind has been furnished. As an illustration of 
what has been done in the way last mentioned, I may cite the large 
donation of labelled specimens which has been made to the museum 
of the Univcrsi<^y of Michigan, and the co-operation which has been 
afforded the liberal-minded citizens of Chicai;o in founding a museum 
and establishing a society of natural history, which, under the direc- 
tion of Mr. Kennicott and Dr. Stimpson^ is diffusing a taste for the 
study of nature in that city of unparalleled growth, which cannot be 
otherwise than highly salutary in ameliorating the sensual effects of 
great materisl prosperity. 

The Institution has also done good service in promoting and assist* 
iug the formation of local societies in rural districts for the collection 
of specimens and the recording of natural phenomena. To all socie- 
ties of this kind, as well as to colleges and academies making special 
application, labelled specimens have been presented. 

This distribution of specimens is very different from the ordinary 
exchanges conducted between institutions or individuals, which usually 
involve the return of an equivalent. The question with the Smith- 
sonian Institution is, not what can be had in return, but where a par- 
ticular specimen or scries of specimens can be placed so as best to 
advance (he cause of science, by being most accessible to the largest 
number of students engaged in original investigations. 

Pakeontology^ geology j physical geography, tf c. — Appropriations have 
been made for investigations of the surface formation of the Oon- 
necticot valley by Professor E. Hitchcock, and for the collection of 
materials for the illustration of the geology and palsoontology of par- 
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tioolar regions. AppropriatioQ has also been made to Professor 
Orujot for a barometrical Burvey of the different parte of the Al- 
leghany mountains, and to other persons for collecting observations 
on heights, as determined in different parts of the country by the 
various canal and railway survevs. 

The publications on these subjects, besides the papers of Professor 
Hitchcock on surface geology, are as follows : 

A memoir on MosctsauruSt by Dr. R. W. Gibbs. 

On the extinct species of the fossil ox and sloth of North America^ 
and on the ancient F^nna of Nebraska^ by Dr. Leidy. 

On the Physical Geography of the Mississippi Valley, by Charles 
Ellet. 

On the Law of Deposit of Elood Tide, by Admiral Davis. 

On the Fluctuations of the level of the great American Lakes, by 

C. Whittlesey. 

On the Paia&ontology of the Upper Missouri, and Check List of 
miooene, cretaceous and jnrassic Invertebrata, by F. B. Meek. 

A memoir by Dr« Leidy, now in press, on the extinct reptiles of 
the cretaceons period, will, It is belieyed, be a yalnable manual ot 
reference. 

The Institution has published a Check List of minerals, with their 

symbols, prepared by Mr. Egleston, with special reference to facili- 
tating the labelling of the Smithsonian minerals and the exchange of 
specimenp, and it may be mentioiied that extensive distribution has 
been made of specimens of building stone employed by the govern- 
ment. 

Botany. — This branch of general natural history has been advanced 
by the Institntion, not only by means of the pablication of original 
memoirs, but also by explorations and collections made at the expense 
of the Smithsonian fund. The most important work which has 
been published is a large quarto volume, illustrated by expensive 
colored plates, on the algae of the entire North American waters. 
The work was written for the Institution by Dr. Harvey, of the 
University of Dublin, and has been the means of rendering this 
order of the vegetable kingdom more generally known. The Insti- 
tution has also published several papers on the plants of New Mexico 
and California, by Dr. Gray, of Cambridge, and Dr. Torrey, of New 
York. 

Duplicates of the specimens described have been presented to in- 
stitutions at home and abroad. Considerable labor has dso been ex> 
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ponded in the preparation of an original report on the forest treos of 
America, bj Dr« Gray. This work, however, has been interrapted 
for some time, but will be reaomed, it is ezpeoted, daring the present 
year. * 

Oeneivi 21dologif* — A. large part of the colleetions made bj the In- 
stitntion belong to the general class of zoology, intended to advance 
the stndy of animal life upon the continent of America. 

The ornitholopry of America has always been a speciality of the 

Smithsonian iusntution, nioro efforts Ii;iving been uiuilc to perfect its 
collection in this department than any other. The In.stitiition has puh- 
lished the first part of a work by Dr. T. M. Brewer, jsuitably ilhis- 
trated, on the distribution and habitsof North American birds during 
the breeding season, with descriptions and figures of their eggs, the 
materials being derived entirely from the collections of the Institution, 
and mostly made at its special request. This is the first separate 
work on North American zoology ever prepared. A catalogue of 
North American birds, prepared by Professor S. F. Baird, has been 
extensively nsed at home and abroad in labelling collections. 

Professor Baird is now engaged in preparing a general report 
on our knowledge of North American ornithology to the present 
date, with the addition of the species of Central and South America 
and the West Indies; the materials being derived almost entirely 
from the specimens collected by the Institution, which have been in- 
. creased since the publication of the extensive work on the same sub- 
ject by Professor Baird in the Pacific railroad report, from 12,000 to 
35,000. 

The collections which have been made by the Institution for the 
illustration of mammalia have been very extensive, amounting to 
6,000 specimens, and have not only included many duplicates of the 
species previously known, but a very large number entirely new to 

science. A catalogue of North American mammals, chiefly those 
collected by the Institution, prepared by Professor liaird, has been 
publitihed and distributed to those interested in the study ; also a 
monograph of North American bats, prepared by Dr. II. Allen. 
• Materials are now in course of accumulation to complete the account 
of the clasies of mammals of North America which have not been in- 
cluded in the publications of the Institution and Pacific ^ railroad 
reports. 

As with all American vertebrata, the collections of reptiles and 

hshes made by the Institution bave been very extensive, and numer- 
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0U3 moDOgraphf^ oi- articles have been published relative to them in 
the Pacific railroad ropofts and the proceedings of different natural 
history societies, the Institution having published a synopsis of the 
serpents of North Amftrica, And a monograph of the Gottoids. 

The Institntioii has materially aided the study of the entomology 
of this country^ not c&ly by the collections in that branch, but by 
preparing and publishing a series of works for the purpose of ex- 
hibiting the state of knowledge on tlie subject iinJ facilitating its 
further advancement. It has published and distributed the follow- 
ing under this head : 

lustructioua for collecting and preserving insects, and catalogues, 
synopses, or monographs of the Diptera, Goleoptera, Lepidoptcra, 
and Neuroptera, prepared by the most competent authorities in Eu- 
rope and America. 

It has also in coarse of preparation works relative to the Hymen- 
optera, Homoptera, Hemiptera, Orthoptera, &q. 

In the preparation of these publiqations the Institution is indebted 
for gratuitous asustance to Dr. Jno. Leconte, Baron Osten Sadcen, 
and others. 

Oonchology. — large collection of specimens of shells was received 
from the United States exploring expedition, which has been mnch 
increased by subsequent additions. All the shells of the west coast 

of the United States, and those generally collected by the exploring 
expedition, have been put into the hands of Mr. P. P. Carpenter, of 
England, the new ones to bo described for [inblication, and the dupli- 
cates of the whole to be arranged for distribution to museums, col- 
leges, and other establishments. This work is nearly completed, 
and a large number of partial sets of the shells have been distributed 
in accordance with the plan just mentioned. The publications on 
this subject are lists of North American shells, circulars relative to 
collecting, an elementary introduction to the study of conchology, 
and an extensive work in two octavo volumes on the Bibliography 
of North American Couchology, by W. G. Binney, and a monograph 
of the Corbiculadas, by Temple Prime. Besides these a number of 
articles are in the press or in course of preparation. 

MicTQscopij. — ^Encouragement has been given to this branch of 
science by importing, as samples, simple formsof working microscopes, 
and also by stimulating our native artists to greater exertion in the 
construction of this instumcnt, by ordering the best that could be 
produced* Samples of microscopic organisms have buen collected 
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and distributed to observm, and ezaminiitioiis ana reports have 
been made on a large number of this class of objects sent to the In- 

stitntion. The publications in regard to this subject are a number 
of papers by Professor Bailey, of West Pointfand a very interesting 
memoir hy Dr. Leidy, of Philadelphia, on fauna and flora within 
living auiuiais. 

* 

Fhysiology. — ^N'o experiments on this snbject have been made under 
tbe immediate direction of the iDstitutioD, although it has fnrnitihed 
the materials for investigation by other parties. The publications iu 
regard to it are chemical and physical researches oncerning North 
American verLebrata, by Dr. J. Jones ; researches upon the venom 
of the rattlesnake, with an investigation of the anatomy and physi- 
ology of the organs concerned, by Dr. S. W. Mitchell ; on the 
breathing organs of, turtles, by Drs. Mitohell and Morehouse; on 
the anatomy of the nenrons system of rana ptpiens, by Dr-. J. Wy- 
man ; and on tbe medulla oblongata by Dr. John Dean. 

Ethnology and Fhilology. — One of the earliest efforts on the part of 
the Institution was. directed to the advancement of the science of 
American ethnology. Its first publication as well as introductory 
volume to the series of Smithsonian Contributions to Knowledge, be- 
ing the work of Sqoter and Davis, on tbe ancient monuments of the 
Mississippi valley, remains -the standard treatise on this subject. 
• This was followed by a sumilar work on the antiquities of New York, 
by Mr. Squier ; and those of Wisconsin, by Mr, Lapham, of Ohio ; 
and of Lake Superior, by Mr. Whittlesey ; a memoif on some anti- 
quities of Mexico, by Brantz Mayer ; and a general introduction to 
tbe whole subject of American archaeology, by Mr. Haven, besides 
many articles of less extent in one or another of the Smithsonian 
series. Several pamphlets of instructions for making observations 
and collections in this science have also been issued. 

In the department of philology, also, the Institution has evinced 
its zeal and activity by the publication, among others, of the elaborate 
work on .the Dakota language, by Mr. Riggs ; that on the Yoruba 
language, by Mr. Bowcn; and tbnt on the Chinook jargon, by Mr. 
Turner and Mr. Oibbs. To Mr. Shea, of New York, who is engaged 
in the preparation of a library of American languages, annual appro- 
priations Irom the funds of the Institution have been made in fur- 
therance of the publication of linguistic memoirs furnished by its 
correspondents. 

Systematic efforts have been directed by the Institution to the ^ 
collection of as perfect a series as possibleof the specimens of Ameri^ 
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can antiquities, aud of those illastrativo of the habits of the modern 
native tribes . Already an extensive collection has been accumulated, 
and the preparation and distribution of a series of colored casts of 
the more interesting specimens of aboriginal art have boen com* 
menced. The former picture gallery had just been fitted up with 
cases two hundred feet in length, for the reception of these, when the 
disastrous fire occurred, wbich destroyed the upper part of the centre 
building; fortunately, however, before any of those specimens bad 
been placed in the .room, 

Cbrrespofufenoe. — Thi^ Institution has constantly received a large . 
number of communicationsr asking information on a variety of sub- 
jects, particularly in regard to the solution of scientific questions, the 
names and characters of objects of natural history, and the analysis 

of soils, minerals, and other materials which pertain to the industrial 
resources of the country. Answers have in all cases been given to 
these inquiries, either directly by the officers of the Iiioiitutiou or by 
' reports from the Smithsonian collaborators. A considerable portion 
of the correspondence burned in the oftice of the Secretary was of this 
character. The loss in this case is to be regretted, not only on 
account of the vcduable information. the letters and answers contained, 
but also on account of the illustration they afforded of the influence 
of the Institution, and the condition of the public mind at a given 
time. Every subject connected with science which strongly attracts 
popular attention never faQs to call forth a large number of inquiries 
and suggestions. 

International excJianges. — To facilitate the direct correspondence 
between the learned institutions and scientific men of the two worlds, 
and the free exchange of their publications, has, ^rom the first, been 
a special object of attainment with the Smithsonian Institution. Year 
by year its plans for this purpose have been modified and improved, 
until the system has become as nearly complete and satisfactory as 
the funds and force at its disposal will allow. At the present day it 
is the great medium of scientific intercommunicatiou between the Xew 
World and the Old; its benefits and services being recognized alila* bv 
individuals, institutions, and governraentf?. Its parcels });iss all the 
custom-liouses without question or interference, while American and 
foreign lines of transportation, with rare exceptions, vie with each 
other in the extent of the privileges accorded it. To so great an 
extent has its sphere of activity been enlarged, that it is no exaggera> 
tion to say that a very large proportion of all international exchanges 
of the kind referred to are now made through its instrumentality. 
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At the present time tlie Institution is fjrepared to recois'(>. at periods 
made known tbroDgh its circubirf:, imy books or pam[)hlets of scientific, 
literary, or benevolent cbaracter which any institutions or individuals 
in America may wish to present to a correspondent elsewhere, sub- 
ject only to the coDdition of being delivered in Washington free of 
coat, and of being accompanied by a separate list of the parcels sent. 
Where any party may haye special mrks to distribute, the Instita- 
tioQ is always prepared to fnrntsh a list of suitable recipients. In 
many cases whore works of value have been published by the United 
States or State governmeints, likely to be of importanoe to students 
X abroad, application has been made by the Institution for copies, in 
most cases with success. The articles and volumes, when received, 
are assorted and combined into packages, and ihese, after being 
properly addressed and enclosed in boxes, are despatched to the 
agents of the Institution in London, Leipsic, Paris, and Amsterdam. 
The boxes are there unpacked, and the contents distributed through 
the proper channels ; the returns for these transmissions are received 
by the same agents, and boxed, and forwarded to' Washington, from 
which point the parcels for other parties are sent to their proper 
deal nation. All the expenses of packing, boxing, agencies, freights, 
are borne by the Institution, with the exception df the local 
conveyance of single parcels by express or othennse within the 
United States. 

LOCAL Ol{jeCT0. 

Under this head we have classed those parts of the programme 
which were indicated by Congress, and which do not, so directly as 

the objects w© iiavo already described, contribute to the advance of 
knowledge. It will be seen, however, that they have been made as 
far as possiblv. to harmonize with the active operations, and to assist 
in their progress. 

Library. — Althoucrh the act of Congress directed that provision 
should be made for tho iccommodation of a library, on a liberal scale, 
it was soon seen, after the organization of the Institution, that it * 
would be impossible, from tbe income which could be devoted to it, 
to establish a first-class general library. Even had this been practi- ^ 
cable, it would still have seemed superfluous to do so in the very 
vicinity of the miscellaneous library of Congress, which is every 
year increasing in extent under the liberal appropriations which are 
annually made for the purchase of books. It was therefore deemed 
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preferable, and more conaonant^ith the purposes of the InstitutioD, 
to form a special library, which might constitate, as it were, a sup- 
plement to the library of Congress, and eoosist, for the most part, 
of complete sets of the proceedings and transactions of all the learned 
societies in the world, and of other serials essential for reference by 
students specially engaged in original 6cienti6c reFearch. The efforts 
of the Institution to carry out this plan, which has since been sauc- 
tioned by Congress, have been eminently suoeessfuL Principally 
throiigh exchanges, and ocoasionaUy by purchase, a more complete 
collection of the works abore mentioned has been procured than is 
to be found in any library of the United States, or is easily met with 
even in EuropOw The Institution has been assisted in ma}cing this 
collection by the liberality of many of the older libraries abroad, which, 
on application, have furnished from their duplicates volumes and even 
whole sets to complete series of works long since out of print, and 
which, in some cases, could not have been obtained through any 
other means. The library is also quite rich in monographic or special 
treatises in the physical and natural sciences, lacking as yet, it is true, 
some of the more expensiye volumes, but still affording the meana of 
prosecuting almost any scientific investigation. One specialty con* 
sists of the large number of maps and charts obtained by exchange 
from geographical and hydrographical establishments, Ac This col* 
lection is as complete as any in the country. 

No effort is spared to render the library of the Institution condu- 
cive to the advance of science. Two editions of the catalogue of 
serial works have already been published, and a third is now m press j 
this will probably fill four hundred octavo pages, and will be com- 
pleted in the course of the present year, to be followed by a cata* 
logue of the special works. 

As in most libraries of special character/ and, indeed, in most large 
public libraries, the public are allowed free access to the library-room 
during office hours, but are not generally permitted to take books 
away. When, however, any applicant is known to be engaged in 
the prosecution of original investigations, which promise to advance 
science, and requires the assistance of books found in the Smithsonian 
library, they are freely lent, even to persons in the remote portions of 
the United States. Any losses which may occur by the adoption of 
this course are more than compensated by the advantages derived 
from it. 

Congress had provided by the law of organization that a copy of 
all copyright works should be preseoted to the library of this Institu- 
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tion. This it was sapposed would be the means of securing im- 
portant additions to the library. It was found, however, in practice, 
to impose a burden on the fundd of the Institution fur which no 
adequnte compensation accrued ; copies of the most valuable works 
"were not presented, because there was no penalty imposed for the 
neglect to comply with the requirement, and the expense of clerk- 
hire in recording and furnishing certificates was greater than the 
value of the articled received, oonnsting, as they did principally, of 
sheets of mnsio, labels of patent medictaes, novels, and element* 
ary works of instruction. The Jaw was, therefore, on special appli- 
cation, so modified that authors were required in future only to send 
a copy of their works to the copyright bureau of the Department of 
the Interior and to the Library of Congress. 

A special library of the character above described, consisting of 
serials, must of necessity constantly increase with the additions made 
to the series of the existing associations which annually publisli (beir 
transactions. The Smitbs-onian library, therefore, comprises a prin- 
ciple of indefinite augmentation, both as regards extent and value ; 
and although this increase will result mainly from the exchanges 
produced by the active operations, yet additional aocommodations 
will be constantly acquired. Henoe it may become a matter of consid- 
eration, hereafter, whether, since Congress has appropriated $160, 000 
to the enlargement of the accommodation for its own library, it may 
not be' expedient to request that the Smithsonian collection be re- 
ceived and arranged as one of its de|)urtmcnts, while the free use and 

general control of the same shall still be retained by the Institution. 

• 

Museum. — ^The same remarks which have been made in regard to 

the library may, with little modification, be applied to the museum. 
The portion of the funds of the Institution which it is practicable to 
devote to the museum is not suilicient to support an establishment of 
this kiud worthy of the seat of government of the United States, 
Indeed, it is generally now conceded by those who have critically ex- 
amined the subject, that the accommodation and perpetual mainten* 
ance of a large collection of objects of nature and art intended for 
popular exhibition, or even for educational purposes, ought not to have 
been imposed upon the Smithsonian fund. It has been seen from the 
foregoing statement how much can be done in the way of advanciog 
natural history independent of a costly edifice, and the support of 
a popular museum in which are to be continually exhibited oven 
type specimens. It is true that specimens of this character ought 
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to be preserved for etndy: but seeing that tbere are in the conntry a 
number of special museums wliich would gladly become tlie custodians 
of these objects, and tluit the hope is yet confidently entertained 
that Conj^ress will, in due time, establish a national museum wliich 
shall rival those of other countries, it has been thought advisable 
to restrict the collections which are retained in the Smithsonian 
museum — first, to those made by the exploring expedition, the care 
of which Congress has devolved upon the Institution : and, second, 
to snch type specimens as are thought of special interest as illns- 
trating the Smithsonian publications.. 

The mnsenm has been rendered particularly attractive to the visit- 
ors and inhabitants of Washington by the large number of birds and 
mammals which have been mounted for public exhibition, and in this 
way it lias undoubtedly contributed to the popularity, tliouf^h it has 
diminished tlie efliciency, of the Institution. The danger, however, 
to be guarded agaiDst, is the constant tendency to expand the col- 
lections, and hence gradually to absorb the income in their support 
It should be recollected that the building has borne upon the re- 
sources of the Institution with a cost of more than $300,000, and that 
at least an additional $100,000 will be necessary to repair the recent 
damages, and this mainly to render the edifice better adapted for the 
4iccommodation of the library and museum. 

Little has been said in this sketch in regard to the gallery of art. 
The impropriety of expending tlie income of tiie bequest in attempt- 
ing to form a collection of articles in this line worthy of the country 
has had no prominent advocates, even among artists; still, in con- 
nexion with the museum, a collection has \)een formed which princi- 
pally consists of plaster casts of distinguished individuals, and a few 
pictures which have either been presented to the Institution or are 
the property of the government. The only purchase in this line 
which the Institution has made is that from Hon. Oeorge P. Harsh, 
of a series. of valuable engravings to illustrate the early history of 
art. 

Lectures. — As a part of the programme of organization finallv 
adopted, courses of lectures were to be delivered, but instead of at- 
temptinj^ to furnish popular instruction by this means to all parts of 
the country, as was at first proposed, the lectures have been confined 
to the city of Washington j and in order to render them generally 
useful, synopses of the more importi^t ones have been published in 
the annual reports. At the commencement of the Institution, and 
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befo/e the plan of orpranization was generally understood, special 
care was taken to invite as lecturers men of prominence in the line 
of literature that they might have an opportunity to become familiar 
with the plan adopted, and in this way many prejudices were re- 
moved and much information diffused as to the character of the es- 
tablishment. 

The lectures were commenced before the building was erected, the 
first court«0 being in 1847, by the Rev. Dr. Scoresby, of En*2;hind, on 
the construction and use of the large telescope of Earl Rosse, and 
have been continued every winter up to tiie present time. Until 
within the last four years they were well attended, and no doubt 
produced a beneficial effect ; but since the commencement of th'e war 
and the introductioD into the city of a large number of sources of 
amusement^ the audience has fallen oS, or has been composed in a 
large degree of persons seeking amusement rather than information. 
The most important result produced by the lectures is that d^^rived 
from their publication. 

Nothing definite can be said at present as to the financUI arrange- 
ments for the repair of the building. The subject is still before Con- 
gress, and althongh the idea has been confidently entertained that an 
appropriation would be made for the purpose, yet from the diacusoion 
which took place in the meeting of the joint committee of the two 
Houses appointed to consider this matter, I do not think a resolution 
authorizing such an appropriation will be adopted. In view of the 
impression produced by this discussion, at which I was invited to be 
present, I suggested to the committee that if the members would 
agree to recommend an appropriation to pay the back premium on 
coin for the last four years' interest on the Smithsonian fund, and in 
the event of the success of the recommendation, I thought the Regents 
would have it in their power to finish the repairs by means of the 
extra fund which has been accumulated. 
Kespectfully submitted. 

JOSEFH HEiNKY, Secretary, 

WASHiNaioir, 1865. 
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Bi THE REV. T. W. WEDB, A. M., F.R.A.S. 
From the Inteilccluai Obscrcrr," London. 

It is gratifying to observe that, amidst all the calamities and distressefl and 
cnnfti^inn of a most unhappy civil war, the atadies of pc^cc have not been 
wholly lost to i^ht. A remarkable instance of this is afforded by the recent 
appearance, among the publicatiooB of the American Smithsonian Institutionf 
of a very intexeBtiiig and TaluAble memoir, ** On the OomitmetioQ of a Silvered 
OlasB TelefloopOr 15} inches in aperture, and its tse in celestial photography, 
by Hemy Draper, M.D., Proiesaorof Natural Soiance in the Unirerai^of New 
York.*' A oopj of this, through the eonrteay of the auilior, being now in mj 
hands, I have tboiij^t that aome aocoont of its oontenta might prove interesting, 
eepecially at a time when silvered i^ass specula are attracting some attention in 
England, and .(unless we are much mistaken) are likely to be more generally 
known and valued as moat important aids to the progreaa of obsGrvaUon. 

The opening sentence of this memoir Teqmree', however, we ventare to tbiukt 
a little qoalificatioii. " The cooatmction of a reflecting tdesoope ciqpable of 
showing every celeatial olject now known," Dr. Draper tells ns, *' is not a very 
difScnlt task." We should have no hesitation in expunging llie negative here, 
unless it were permitted to add, '* when study, and labor, and ingenuity, and / 
perseverance have been brought to bear upon it, equal to those displayed by 
Dr. Draper.** His subsequent remark is of more universal application : " The 
cost of materials is but trifling compared with the result obtained; and I can 
aee no reason why silvered glass instruments should not come into general use 
among amateurs. The fntim hopes of astronomy lie in the multitude of ob- 
aervers, and in the concentration of the action of many minds." His first idea 
was derived i^om an examination, in 1857, of Lord Bosse's great reflector, and 
of the machinery by which it was perfected ; and on his return home in the 
fbllowing year, he resolved to construct a sunflar, though smaller iastmmont, 
larger, however, than any in America, and adapted to celestial photography. 
A metal speculum was first completed, but was split in two during the winter 
•of 1860 by the expansion of a few drops of water that became frozen in the 
aupporting case; and his attention was then, at Sir JohnHerscheFs suggestion, 
famed to silvered glass mirrors, as reflecting more than 90 per cent* of incident 
light, with only ^th of the weight of nfetaL The year 1861 waa occupied in 
overcoming the difficulties of grinding and polishing three 15i*inch disks of 
glass, as weU as a variety of smaller pieces. Three sunilar mirrors were found 
almost essential, as two would ofken be so much alike that a thhid was necessary 
to gain a further step in advance. One was made to acquire a parabolic figure, 
(see Intellrctual OBSBRYBa, iii, 213,) and boie a power of 1000. The 
-winter was spent in periecting the art of silvering and studying photographic 
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processes. A large portion of 1SG2 was spent with a re^'mnnt in a campaign 
in Virginia, but in the autumn sand-clocksi and clf'])?yJras of various kinds were 
made, and the drivin:^ m«'chanism attained groat excellence. Daring tlie winter 
the art of communicating the parabolic figure hy Foucault'6 method was acquired, 
and two l-O^V-inch mirrors, and two of 9 inches, for enlarging photographs, were 
completed. The greater p;irt of 1SG3 was spent in lunar and planetary pho- 
tography and the enlai'gement of negatives, "f^mc of which wcrQ magnified to 
three feet in diameter. Two specula of li^ inches were also completed, ground 
to an oblique focus for front view. " Thia work," he adds — and anj one with 
very little experience may judge of the immense amount of toil Involved — " has 
all been accomplished in the intervals of professional labor." Many of the 
expedients adopted in the working which are detailed at full length, arc 
strikingly characteristic of ingenuity as well as persererauee. To avoid the 
tediousness of grinding out defects in a metal surface, they were " stopped 
out," after the mann»^r of engravers, and the uncovered space corroded away 
by the action of nitro-hydroohloric aoid. By a similar mode> the strength of 
the acid being graduated in separate zones towards the edge, an instease of 15 
inches in focal length was gained. The grinder and mirror were at another 
time induded in a voltaic eircnit to abridge the grinding process, and an idea 
was entertained of saving much weight by eleotrotyping a brass mirror witJi 
speculum metal. When ha oommenced operations with glass he had to polish 
with his own hands more than one hundred mirrors of various siaes, from 19 
inches to ^ inch, and to experience TCry frequent failures for three years before 
lie w.is able to produce large surfaces certainly and speedily. His labor would 
have been much diminished, iuaamneb as be would have been spared the cause- 
less condemnation of many fine mirrors, as well as the working of some square 
ones, had he become earjier aware of an important fact respecting the rigidity 
of the material.* Generally speaking, a sheet of glasSieven when very thick, 
can hardly be set on edge withont eo much flexure as to render it optically 
worthless ; but, fortunately, in every disk that he tried, there was one diameter 
on eiibtf end of which it might stand without harm. On turning a disk of 15.} 
inches, with a thickness of inch, one quarter round, it could hardly be 
realized that the surface was the same : 90*^ more restored it to its original 
defining power ; and tliis effect was found to be independent of any irregularity 
on the edge of the disk and of the mode of support. Dr. Draper refers it, with 
great probability, to the Structure of the gloss, resulting from its having been 
snl^ected to roUiog pressure. A similar irregularity of structui^^ is known to 
obtain in many hnge object-glasses, and Dr. Draper specifies the great achromatic 
by Cauchoix, presented by the late Duke of Northumberland to the University 
of Cambridge! as having had its lenses turned round hy Mr. Aify in mounting,' 
for this reason. Short's Gregorian specula, too, were always marked on the 
same account. Tbeatrange deformations of image produced by heat, even by 

* In cxAmiuing and testing last fearsome fiuo d-incU specula of Mr. With's workmanship, 
I had independently ascertained this pocaliarltj, lo ikr as at but position for each was coo- 
esiaed, bol 1 stopped short of Dr. Drapez's discovery of a regular axis of Hgidit$, 



64 ARTICLES ttEFERBED TO IN THE SBCB£TABY*S REPORT. 



the warmtli of tbc hand for a few seconds, arc described and represented . 
From Buch distortions the speculum would not recover in ten miuutes, and the 
error would be rendered permanent hj zepolishing in that condition ; and bo 
injorioas rany Ftich caosesi even in a leaser degree, prove during the delicate 
proceeB of the final correction of the spherical error, that " a current of cold or 
warm air, a gleam of sunlight, the close approach of some person, an unguarded 
touclu the application of cold water injudieiouslj, will ruin the labor of days." 
He fonad it a matter of not unfrequent occurrence that a speculum would per- 
form much better with rays of a certain amount of obliquity,* deviating from 

2^ to 3^ from the axis. It obvious that if this peculiar form conld be pro- 
duced at will, and to an adequate degree, it would render the Lemairean or 
front view telescope perfect. Dr. D., however, found that the image was never 
quite as fine as in the usual kind of mirrors. A letter of ICaskeljne sulMe- 
quentlj came under Lis notice, in which he desiaibes a very great improvement 
effiected in a 6>foot reflector by Short, by inclining tlic large speculum 2}^, and 
remarlcs, veiy reasonably, that " probably it will be found that this ciremn* 
stance is by no means peculiar to this telescope a bint which may be wortiby 
of the consideration of the possessors of reflectors. Such surfiiees require to be 
rcgronnd, or " re*fined," i e.> finished with the finest emeiy, to get rid of this 
obliquity, as repolishiog, though occasionally sueeesaful in a fbw mhrates, will 
not always efl^t it; the attempt fiuled in one initanee^ though oontimied fiv 
13) hours. 

The modes of forming the requisite tools, of preparing emeiy, of grinding, 
polishing, testing, (by Foueadt's mode,) and silvering the anifiuej are somewhat 
too technical to find a place here, but some interesting faets are wi»thy of being 
referred to. Such is the effect piodneed by the removal from a cast-iron tool, 
15} inches in diameter, divided into {-inch squares, like a chessboard, of every 
alternate square, by an acid. Though the corrosion extended only to a very 
slight depth, it flattened the curvature of the tool 7} indies. '*This shows 
what a state of tension and compression there must be in suck a mass, when the 
removal of a fihn of metal ^th of an Inch thick, here and these, fimn one Bnr> 
fiice, causes so great a change." Another Important remark is, how injurious 
an atmospheric disturbance is set up by the intermixture of currents of warm 
air from the observer's person with the ngrs fiJlhtg on or reflected from the 
mirror— i^n observation which I made many years ago, and whieh any one may 
test by directing a Newtonian to any bright olgect, and placing one hand beneath 
the aperture, while an eye-piece held in the other hand, and applied to the cye» 
is carried back a considerable distsaoe, so as to obtaui a very long focus, and 
render the ascending currents more visible. It has iiot» I brieve, been generally 
remarked how prejudldal an effiset this must have on definitbn in the front- 
view reflector, and it would be a worthy object of attention to remove the evil 
by the interposition of some non*condncting shield. 



* I became ocquidnled with this fact many yoan ago, when -worlmig aifltsito for a amsll 

Newtoniaa refle^or. 



• 
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A full trial wob given to no less than seven machines, on the principleB 
employed by Lord BoBse and Iiaesellt with modlfieations of his own. The 
prime mover, called the *• foot-power," was a very iiigcuious contrivance, in 
which very little force is lost in ovcrcomiug friction, and wliich is frequently 
employed in America for dairy nse. Dr. D, hiniBclf generally walked in hia 
own, and has travelled some days, during five hours, more than ten miles. It 
cousif^ls of an endless band of short transverse boards or " treads," interlocking 
60 as to form a platform to tread u^jon, which will not yield downwards on its 
upper side, but hangs loose in the return half beneath, and passing over wheels 
and rollers at either end. This succession of boardsp having one end a little 
higher than the other, mns downwards as soon as a weight is plaeed npon it, 
and communicates motion to a large wheel on the axle of the one over which it 
turns, and throngh it to any eonneeted machinery. Being placed between a 
handrail on either side, it offiers theTippearance of a little narrow bridge, as over 
a ditch,' composed of transverse boards, on wliich the mover may walk all day 
withont getting a step forward. It is, in &ct, a species of treadmill, of a mnch 
more pleasant consfmction. 

The mode of giving a parabolic figure finaUy preferred by Dr. D. is^that of 
'< local-retonches," in which the edge of a spherical mirror is flattened, or, which 
he thinks preferable, the centre is bored out deeper, by appropriate polishers of 
curvatures differing slightly from that of the original tool on which it was 
wrought. This method, as invented by M. L^on Foucault, at Paris, was em- 
ployed by hand, but has been practiced by Dr. D. with suitable, machinery, and 
with excellent results ; his great specula, thus finished, beariDg a power of 1200, 
and dividing the celebrated test-pak Andromeda; while so great is the 
light-collecting power of 15} mches, that the companion of Wega can be pei^ 
ceived even with the unsilvered sui&ce; some portions of the moon are even 
more visible than after silvering — a hint worth notice. When silvered, the 
quantity of lunar light is so overpowering as to impair for a long time the vision 
of an eye placed at the fbcns. ' Several modes of silvering were tried by Dr.D., 
some ^vised by himself. Foucanlt's proved uncertain in its resnlts ; that of 
Oimeg, with tartrate of potash and soda, for looking-glasses, modified so as to 
fit the silver for being polished on the reverse side, he found superior to any, 
and in using it ** never on any occasion failed to secure bright, hard, and in 
every respect perfect films." Their thickness is about ^q^oq ^ of an inch— nearly 
jtbe same with that of gold-leaf of equal transparency—- the sun appearing 
through the silver of a light-blue tint. Yariations ii\ its thickness are conse- 
quently only small fivetionsof that fraction, and of no optical momait whatever. 
* It tarnishes quieUy if exposed to sulphuretted hydi ug. o— a defect which has 
been avoided in the English process— end it may be split up into fissures by 
damp; but heat does not alfect it, and it is generally very enduring. " I have 
Bom^," the doctor says, "which have been used as diagonal reflectors in the 
Newtonian, and have been exposed during a large part of the day to the heat of 
the sun concentrated by the 15 J-inch mirror. These small mirrors are never 
covered, and yet the one now in the telescope has been there a yeoa*, and has 
58 
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had the dvatj film, like tliot which sccomuUtes on ghuui, polished off it a dozen 
times.*' * 

Besides other interesting optical pwtieolais, the memoir contains many diree- 
tions for the snceeiBfal practice of celestial photography* some of which might 
he found equally valoahle for terrestrial porposes ; and to these we may adyert 
on a futnre occasion, adopting for the present the author's dosing remarks ; 
" In condoding this account of a silyeied glass telescope, I may answer an 
inquiry which, doabtless, will be made by many of my readers, whether this 
kind oif reflector can ever rival in sise and efficiency such great metaUic specula 
as those of Sir W. Herschel, the E0I of fiosse, and Mr. l^ssellt My expe- 
rience in the matter, strengthened by the recent soooessfol attempt of M. Fou- 
cault to figure such a snrface more than thirty inches in diameter, assures me 
that not only can the four and six feet telescopes of those astronomers be 
eqoailed, but even excelled. It 4s merely an a&ir of expense and patience. I 
hope that the minute details I have given in this paper may lead some one to 
moke the efibrt." 



BRIEF REVIEW OF A MEMOIR ON THE CRETACEOUS REPTILES OF THE 
UNITED STATES, PUBLISHED IN THE FOURTEENTH VOLUME OF THE 
SMITHSONIAN CONTRIBUTIONS TO KNOWLEDGE. 



BY TH£ AUTHOR, JOSRPH LEIDY, M. D 



The cretaceons formations are so named from the Latin creta, chalk, from the 
fact that the chalk of England forms the most striking rock of the series. 
They underlie or immediately precede the tertiaiy formationSi and contain a 
great many fossils. Plants are rare because the cretaceous rocks are all of 
marine origin, or consist of deposits which were formed at the bottom of the. 
ocean. The remains of animals are numerous, but they are confined to the 
lower orders, as no authentic traces of birds or mammals have yet been dis^ 
covered in them. 

Cretaceous formations, as indicated by their contained fossils and relative 
position to other rocks, are widely extended throughout the United States, 
though they contain no true chalk. Th^ are mainly composed of beds of 
sand, day, soft and compact limestones. Among the sandy laym are extensive 
deposits known as green-sand, which, under the name of mad, is much ei^ 
ployed as a fertilizing material. 

The cretaceons formations extend in a large tract through Kew Jersey, 
Maryland, and Delaware, and appear in isolaied patches in North and South 
Oarolma and Georgia. From the western part of the latter State they curve 
iu a wide crescent-like tract through Alabama, Mississippi, and Tennessee, to 
the mouth of the Ohio river. Thence passing in a narrow band through 
Arkansas, they expand so as to occupy a great portion of the region between 
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ihd MiseiBsippi river and the Bocky monntainSt leaching north into BritiBh 
America^ and south into Mexico. In New Jersey thejr are eatiniated to have 
a thiekneaa of from fonr to five hundred fedt', in the region of the Upper 
MisBonri, fiom two to two thousand five hundred feet 

Ifnltitades of fossils are found in the American cretaceous formations, though 
the species appear not to bo so numerous as in those of Europe. The moUusks 
are partieularly abundant* and among them are a great many epecies of oham* 
bered shells. A species of iunmonite is found on the Upper Missouri as laig9 
as an ordinary fore-wheel of a wagon. Bemains of fishes are likewise numerous, 
but generally they are found in a very fragmentary condition. Scales, Tcrtebrm, 
and teeth, are usually the fossSs which represent ibem. The teeth of sharks 
are especially numerous. Bones of reptiles are also abundant, and their remains 
form the subject of the author's memoir. As in the European cretaceous 
formations, no evidences have yet been discovered of the existence of birds or 
mammals in those of the United States. 

Most of the reptilian remains described by the author hare been derived 
from New Jersey, where they are constantly being discovered in the digging 
of marl for agricultural purposes. Various genera and species of th(f crocodile 
family c^irftcd during llie cretaceous period, ns iudicated by tlieir remains. 
Some of tliefic liad the skeleton constructed after the same pattern as those now 
living, while others were peculiar, or have no near representatives in existence. 

All living crocodilep, under which term we include the gavials and alligators, 
have the vertebral or bones of the spinal column, with their bodies concave iu 
front and couvex. behind, so that they are firmly jointed in a ball and SAckefc- 
likc manner. Several species of extinct crocodiles, having the spinal column 
constructed in tlic same manner, have been discovered in the cretaceous lime- 
stone and green-saud of New Jersey and Delaware. One of the latter species, 
named Thoracomurus neocesariensis, signifying the armor-covered saurian of 
New Jeraey, resembled in its form and size the modern long-snouted gavial, or 
crocodile of the Gauges. A nearly entire skull of this animal was discovered 
imbedded iu limestone on the farm of General William Trick, near Vincenttown, 
Burlington' county. New Jersey, and is now preserved iu the mustnim of the 
Academy of Natural Sciences of Philadelphia. Fragments of j iws and long, 
curved, conical teeth of the same species have been found in other localities of 
the State, as the highlands of Neveruink, the vicinity of Blackwoodtown, Cam- 
den county. Big Timber creek, Gloucester county, and in Burlington county. 
Vertebrx- and other bones, including specimens of the strong oascous plates of 
the skiu, have likewise been discovered iu Burlington county. 

The BkuU of this crocodile, when perfect, has measured over a yard iu leugthf 
and the whole animal about twenty-five feet. 

A species ot the same genus, the Thoracosaurus macrorhynchm has been 
discovered in a cretaceous formation of France, and a tine fikuU of it is pre- 
served in the museum of the Jardin des Plantes, at Paris. 

Another extinct crocodile, named Botlosaunu HarlanU after I>r. Harlan, who 
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first noticed the epecies in 18S4» is yet onlj known from seyeFal fragments of 
jaws, a few teetb» and TertebrsBi found in the green-sand of Borlington conntj. 
New Jersey. The specimens indicate this crocodile to have resembled in its 
eonstrnction and sise the alligator of the HisBissippit or the crocodile of the Nile* 
more nearly than the Gangetic gavial. Several smaller species of crocodiles, 
with 4M)ncavo-oonvex vertebne, or yertehrm of the same eonstrnction of those 
of living crocodiles, are indicated by specimens of vertebra and other bones 
fonnd in the green-sand of New Jersey and Delaware. 

Another crocodilian reptile^ the remains of which havo been fonnd in the 
green-sand of New Jeniey» is the JT^pofatfrw JRftgerni, named by Fntfessor 
Owen, of London, altter Professor Bogers, who submitted several vertebra of 
the animal to his inspection about fifteen years ago. This crocodile belongs to 
a more ancient type of structure than the fimner ones, and has no near living 
representative. The vertebra have their bodies dished at both extremities, or 
biconcave^ as in fishes, though in a much less degree. No considerable portion 
of the skeleton of this species has yet been disooveied, and its remains are 
usually in an exceedingly friable condition. The author has bod the oppor> 
tunity of observing specimens of vertebra, fragments €»f bones of the limbs, 
and teeth of about eight different individuals. The teejji ate long, narrow, 
and curved conical like those the C^getic gavial, but are more or leas com* 
pressed, so as to present anterior and posterior trenchant or cutting borders. 
The animal did not exceed in size the alligator of the Mississippi. 

Another crocodilian reptile, much larger than any of the preceding, and con- 
structed after a different typ^ hewi named Diteoaaurui veimiui. Only 
vertebra and some of the small bones of the limbs of the species have as yet 
been found. The bodies of the vertebra have their articular ends flat, or nearly 
'so, and they bear a general resemblance with the corresponding portions of the 
vertebra of the living cetaceous, or animals of the dolphin and whale order. 
The genus is named from the articular ends of the vertebral bodies appearing 
as distinct disks or plates implanted on the latter. Bemains of six different in- 
dividuals have been observed by the author from the green-sand of New Jersey 
and fi!om other cretaceous formations of Geor^ Alabama, and Mississippi. A 
few bones of a foot of this reptfle from New Jersey indicate the limbs to have 
been constructed as fins, so that the animal was more minently aquatic than 
the tme crocodiles. 

An equally large crocodilian reptOo with the one last indicated, and closely 
allied to it, as proved by the construction of the vertebra, has been named 
Cimolifi*auru9 nuignui, the generic term signUying its contemporaneous age 
with the chalk. ThO remains of this animal, consisting of a number of verte- 
bra, have as yet only been discovered in the green-sand of Burlington and 
Monmouth counties. New Jersey. 

To conclude with the American cretaceous crocodiles, a large tooth, belong- 
ing to the museum of the Smithsonian Institution, from a deposit of the Bed 
«iv6r of the North, indicates a peculiar species, to which the name of PtraUh 
jaurus pliratus has been given. .The specimen was found in association with 
a number «| shark teeth, of species evidentiy of the cretaceous epoch. 
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CEBTACEOUS REPTILES OF THE UNITED tiiAlES. 
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One of the moat exteaoidiiwry reptiles which existed dniing the cretaceous 
period, both in Europe and America, is the MMotamnut or lizard of the Aleuse. 
It was of gigantic size, and is most nearly relatedi among liTing reptiles, to the 
comparatively pnny lacertiana and monitors. 

A nearly entire shall, indnding the jaws and teeth, of the Motataums cam' 
peri, was discovered in 1780 in one of thesobterraneoos quarries of St. Peter's 
Honnt at Maestricht. When firand, the quarrymen gave notice of its discovery 
to Dr. Hoffman, a smgeon of Maestricht, who collected fossib. Dr. Hoffman 
succeeded In safely removing the sknllfrom its position in the qoarry, imbedded 
in a large block of stone, and had it conveyed to his residoice. The remarka* 
Ue spedmen having attracted much attention, its fitme reached the ears of a 
reverend canon who owned the ground above the quarry from whence the skull 
had been obtained. The canon laid daim to the specimen and applied to law 
for Its possession. After a troublesome suit he obtained it, much to the cost 
and chagrin of Dr. Hoffiman. In 1795 the army of the French republie laid 
siege to Maestricht and bombarded Fort St Peter, near which was the country 
residence of the canon, where the fossil skuU was preserved. The general of 
the F^ch having been infoimed of tho circumstances relating to the fossil, 
gave orders that the artillerists should avoid that particular quarter. The 
canoo suspecting the object of this exemption, had the skull conveyed to a place 
of safety in the dty. After the army obtained possession of the latter, Freicine, 
the representative of the people, promised a reward of six hundred bottles of 
wine for the recoveiy of the skull, whidi had the desired eflfect, for the folh>w- 
ing day a dozen grenadiers bore the specimen In triumph to his house. It was 
subsequently conveyed to Paris, and now forms part of the collection of the 
museum of the Jardin des Flantes. The skull of the Maestricht Mosasaurus, or 
Maostricht monitor, as it is also called, was nearly four feet long; the lower 
law three feet and three-quarters. Tho jaws were occupied by fifty-six iceth, 
besides which there were sixteen at the entrance of tho throat on the ptemygoid 
hones. The teeth are large; have curved conical crowns, with the surfaces sub- 
divided into narrow planes ; and liave remarkably robust fangs inserted iuto 
deep sockets of the jaw^■, with which they bccaiac iirinly co-ossified. 

Cuvier estimated the number of vertebrre to have been one hundred and 
thirty-three, and their bodies are concavo-convex, as in living crocodilef?. The 
tail vertebrae are eapecially remarkable from their construction, being provided, 
as in fishes, with a co-ossified arch and spine below the bodies as well as above. 
The character of these caudal vertebral indicate^ the tail to have been laterally 
flattened and of gi'cat comparative depth, and thus well adapted to the aquatic 
habiUi of the animal. 

Kemains of a specie.s of Mosasaunts, equally huge with the Maestricht moni- 
tor, are frequently found in New Jersey in the digging of green-sand for agri- 
cultural purposes, but they are usually in a very fragmentary condition. Nev- 
ertheless, not a year has passed within the last thirty that isolated tooth, 
vertebral ^agments of jaws, and other bones, have not been turned up in the 
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diggings of the marl. Some of the Bpccimeus of teetli exceed six inches in 
length, but generally they are smaller. 

The teeth present considerable variety, generally haviug curved conical or 
pyramid. il crowns, frcfjucntly more or less compressed, with the surfaces in 
dilierent degreed subdivided into mu-row planes or nearly or quite devoid of 
them. The root or fang is cylindrioal aud several times the bulk of tlic crowa, 
aud iij iuiierted in a deep socket ^y\l\l which it is usually obsei-ved firmly co-os- 
sified, though it may al^o be loose, dcpeudiug on the age or &t«ite of development 
of the tooth. New teeth were incessantly developed as those in use were 
wore away. They made their appearance at the back part internally of the 
fangs of the latter, and their fangs were gr.idully hollowed to acoinniodate 
the growth of the new teeth. The crowns of tlie old ones v. ere tlien shed to 
allow the new oucs to occupy their place, and after the full growth of the uew 
teeth their fangs co-ossified with their containing sockets. A constant succes- 
Bion of teeth in this manner took place during the life of the Momsaurus. 

The remaiua of the New Jersey Moftnsaunis liave been referred to a species 
named M. Mitchilli, iu honor of Dr. S. L. Mitchill, of New York, who first 
directed attention to their existence in this country in X818. A few fossils, 
apparently of the same species, have been found in North and South Carolina. 
Kemaiiis of Mosasauru.'!, probably of a different ep3cies from the former, have 
been discovered on the Upper ISIissouri, of which a notice wa;^ first given by Dr. 
R. Harlan, in 1S34. The greater part uf a skeleton was subsequently Ibund 
by Miijor O'Fallon, imbedded in a rock in the vicinity of Big Bend, and was 
presented by him to Maximillian, Prince of Wied, who was then travclliug in 
wcBtern America. The prince bad the specimen conveyed to Europe and pre- 
sented to the Academy of Natoratista at Bonn, in the museum of w^ich it in 
now preserved. Dr. Qoldfbas, wlio dMcribed spedmai, estimated the nam« 
ber.ol vertebra to hare been one hundred and fifty-seven. We bave but little 
certain knowledge of the bones of the limbs of Mmuaunuf bnt the more 
antbentic specimens wbieh bave been fonnd go to show that the rfnimal was 
pocovided with £bb adapted to swimming. 

Bemains apparentlj of a comparatively small species of Motatawnut or of 
a closely allied genns, have been discovered in the cretaceous fbrmations of 
Alabama and Mississippi. 

Some isolated vertebra of laige size, from the green-sand of New Jersey, are 
supposed by Professor Owen, of London, to indicate a saurian distinct from 
Motataurut, though aUied to it, to which he has given the name of Macrosaunts 
lavit. Similar vertebra have been found in North Carolina. A long, narrow, 
conical tooth crown, with the sur&oes subdivided into planes, from the green- 
sand of Burlington county. New Jersey, and an exactly similar one irom the 
shores of Cape Fear river, North Carolina, indicate another reptile, probably 
allied to MouuoMnu, whidi have been named Polygonodon veius* 

Perhaps the most extraordinary reptile yet discovered in the American creta- 
ceous formations is an ^ormous herbivorous lizard, the Sadrawuru* FimikiL 
A gentleman of Philadelphia, W. Parker Foulke, while passing the warm season 
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of 1858 In the pleasant little Tillage of Haddonfield, Camden conntjr, New 
Jeisey-, was infonnecl by a neighbor, Mr. J. E. Hopkins, that Bom? remarkable 
bones of hnge Btse had been discorared while digging marl upon his fann about 
twenty yean preyionsly. The specimens fiist fbnnd had been all given away 
or lost. Under the expectation of finding others, ICr. Fotdko employed men 
to dig in the position of the old excaTationp which was in a ravine through 
which flowed a branch of Cooper's creek. At the depth of nine fieet nnmerons 
bonee were found in a bed of tenacious blue day, mingled with a multitude of 
fossil shells. The bones, though fractured, were otherwise well preserved, and 
exhibited no appearance of being water-rolled. Indeed, the most delicate of the 
aeoompanying shells, though decomposed, had preserved their fbrms so per- 
fectly that it was evident the animal remains had originally rested on the soft 
mud at the bottom of a quiet sea. The bones which were obtained consisted 
of twenty-eight vertehriB, port of the pelvis, meet of the bones of the left fore 
and hinder extremities, some email fragments of jaws, and nine teeth.* 

The vertebrae of the neck and forepart of the dorsal region have their bodies 
convex in front and concave behind, the reverse of the condition in the living 
erocodilcs, and in the extinct Mosasourus. The degree of convexiQr and con- 
cavity declines in the postttrioar dorsal vertebra, and in the vertehriB of ths loins 
and tail the bodies are biconcave. The anterior caudal vertebrae are th^ largest 
of the spinal colamn, though not so long as most of the others. A perfect ^peci- 
mr n indicates the tail to have been of enormoas si2e<— near the root about a foot 
and a half in vertical diameter, and eight inches transversely.' The humerus or 
arm-bone is twmty-two and a half inches long, and nearly seven inches broad 
at the upper part. The bones of the forearm have about the same length. The 
bones of the hinder extremity are especially remarkable for their huge propor- 
tions, whether viewed independently or in relation with thn.^;> of th ^ fore ex- 
tremity. The femur, or thigh-lK>ne, is forty-one inches and a half long and 
fifteen inches in circumference near tha middle. The tibia, or shin-bone, is over 
three feet long, and nearly a foot in circumference about the middle. Both the 
humerus and femur contain large medullary cavities. 

The remains of Hadrosaurus exhibit a close re lationship of the reptile with 
the Jguanodon, a lizard of equally huge proportions and like habitfj, discovered 
by Dr !^Iantell in the next oldest formation to the cn-taccou:^, known a? the 
-woaldcn of Europe. The specim n ^ of the Iguanodon ManteUi now form part 
of the magnificent collection of the British Museum. 

Hadrosaurus and Iguanodon, in proportions and habits, held the sama rela- 
tionship with other great extinct lizards that the bulky herbivorous pachy. 
denns do among ord nary marania]?. They might be viewed aa the oxen 
among the tigers, and insect eaters of lizards. 

Among livin|2^ lizards, the Iguanas of South America, and the marine 
Amblyrhynchos of th^ G ilipagf).s islands, are thd only ones which aia vege- 
table feeders, and in these the sharp, serrated teeth are only adapted to cutting 
the softer kinds, such as fruits, flowers, sea-weed, &c., and are not at all flt for 
mastijatiou or grinding the food. 
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When Dr. ^ilnntell first exhibited teeth o£ the Igu.inodon» no one would 
believe tlmt they belonged to a xejitUc, and even Ouvier pronoonoed a worn 
specimen to bn the tooth of a rhinoceros. 

The teeth of Hadromurus have the f nm^ general constitution as those of 
Jguanodon, being adapted to the trituration of vegetable food. The^ are 
exceedingly small in relation with the size of the animal* roeasnnng only a 
little over an inch in length, but they were nnmenmi, and appear to have been 
arranged bo closely togother as to fonn a eontinnons pavement at the boi tl* r of 
the jaws, well' adapted to the crashing and commlnntioD of vcgetabic sub- 
stances. As the teeth in use were worn away, they were incessantly followed 
by otb< r.^, which also appear to have been arranged in dose apposition with 
one another. 

HadrosaturBB was probably an amphibious reptile. Ita huge, laterally flat^ 
tcned tail was evidently arlnpted to Bwimming. The large hollows in the 
interior %t the arms and thigh bones would indicate a partially terrestrial habit. 
The great disproportion between the fore and back parts of the body Ims led 
to the view that when not swimming tlic Iinge reptile supported itself in a frog^ 
like positioD, though it had an aclditlooal prop in the huge tall. 

Teeth nearly like tliosc of Hadrosaurm, but referred to another reptile, 
named IVachodcn, have been discovered by Dr. F, V. Hayden, in a formation 
of unascertained age, though probably cretaceous, in the bad lands of the 
Judith river, a tributary of the Missonri, near its source. 

Other huge bones of reptiles have been discovered in the New Jersey green^ 
sand, of uncertain reference, but most probably of species allied to Hadrosaunu, 
Sevcrnl 1 ti from Borlington county, of a reptile of comparatively small size 
with the latter, though also probably allied to it, are remarkable for thoir hoi- 
lowness, almost approaching in this respect the condition of fhe bones of birds. . 
They have been refened to a genua under the name of CaUmurui, the term 
referring to the hollowness of the skeleton. 

Several teeth of a large reptile, discovered in a cretaceous formation near 
Bladensbuig, Maryland, have been referred by Dr. Johnson, of Baltimore, to a 
peculiar genns, under the name of Astrodon. 

A large tootli, mingled with a number of others of sharks, from the green- 
sand of Kullica Hill, liuncaster county, New Jersey, Indicates a camivorous 
feptile, to which the name of Tomodon Jiarrifieu9 is applied. The tooth re- 
sembles a large shark tooth, being broad, flattened conical, with sharp, cutting 
b )rders minutely serrated. The original possessor of the tooth was no doubt 
a fierce and sangdnaiy cotemporary of the peaceful, herb-eating Iladrosaurut. 

Of turtles, the green-sand of New Jersey has furnished the fossil remains of 
a number of genera and species. The fossils are, however, generally in a very 
imperfect .state, usually consisting of fragments of a few plates of the bony 
ehcll. The remains observed by the author appear to indicate eight species 
of five genera. Of these, two are referred to Ckehme, three to Emjfs» one to 
^latemi/s, one to Trionyxt and one to a peculiar genus— The latter 
ifi rematkabie from the jaws being provided with huge funnel> shaped pits, one 
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on each side, those of the upper jaw heing opposed to the lower ones. It is 
difficult to conjecture the use of these pits» though tho anthor has snspacted 
that prohably these sprung from the tooth-like proeesses of the homj beaks 
with which tiie jaws of turtles are Aimished. • A skull, the only part yet dis- 
covered which is distinctly leferrihle to the genus, was obtained from the green- 
sand near Banisbozo', Gloucester oowntj, New Jersey. It bears a resemblance, 
among living turtles, most nearly to the great Amasoa turtle, Podocnemys. 
The species is named Botkremyt Oookii, in honor of Professor Geoige H. 
Oook, of Butger's college, New Brunswick, New Jersey, who greatly assisted 
the author in procuring specimens fiir his examination, which fatm part of the 
material of the memoir. 
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REPORT OF THE ASSISTANT SECRETARY. 



Smithsonian Institutiok, 
Washington, D, C, Decmier 31, 1864. 
Sib : I beg borewith to piescnt a report, for 1864, of tbe operations whieh 
yoa lutTe intraated CBpeciallj to mj charge ; maiiily, those relating to ex* 
changes and the collections* 

' Very respectfully, yonr obedient servant, 

SPEKGEB F. BAIBB, 
AssUUmi SeerHary SmUktoman Inttituikm, 

•FkOf. JoSBPIt HfiNBY, LL.D., 

Secretary SmitJi4onian Institution. 



EXCUANQES AND TEANSPORTATION. 

The diatributiou of publications of the year incladed Tolome ziii of the 

Smithsonian Contributions to Knowlc(lp:e, of 558 pages and seven plates; 
volume V of Mi^collaneous Collections, of 774 pages ; and the Annual Report 
of the Institution for 1862, of 450 pages \ making an aggregate of 1,782 page^ 
and seven plates. 

As heretofore, the packages transmitted and received incladed all the ex- 
changes between the learned institutions and men of science generally of 
America and other parts of the world, the details of which are shown in tho 
accompanying tables. As in previous years, the Institution has to make its 
grateful acknowledgments for services rendered in connexion with these opera- 
tions by the Gnnard, the Bremen, the Hamburg, and the Pacific Mail Steam- 
ship lines; the Panama Railroad Company, the Adams Express Oompany, 
tlio TTncIr^on'.s Bay Company, tzc. Privileges similar to those granted heretofore 
by tiic Adauisi Express Company have, during the year, been also extended 
by the liarndeu and the American Express Companies. 

To Messrs. Hiram Barney and Simeon Draper, collectors of the port of New 
York, and I^Ir. George llillier, of the custom-nouse ; and to Mr. Samuel Ilub- 
bard, ol" the Paeidc ^Tail Steamship Company, in San Francisco, the Institu- 
tion continues to bo under many oblij^ations l<jr important aid extended in con- 
nexion with its system of excliauges and trausnoitatiou. lis thanks are also 
dne to Messrs. F. Probst & Co., of New Yo», and their correspondents in 
Vera Omz, Messrs. Leffinann and Gntheil, for valuable assistance in the ex- 
chan^^es Avitli ^Mexico. 

The regular foreign agent >: of the Inftitntion — Dr. Felix Fliigel, of Leipsic; 
Messrs. Gustavo Bossange & Co., of Paris; Mr. William Wesley, of London; 
and Mr. Frederick MuUer, of Amsterdam — ^bave continued to dischaige thdr 
duties to the foil flatis&ction of the Institution. 
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A. 

ReccijJts q/' books, S(c.t by exchange in 1864. 

Volumes : 

Octavo...., T. ml G45 

Quarto 15)3 

ImjIio 23 

823 

Ports of Toltiinos and pamphlets : 

Octavo * .*. 1,945 

Quarto 680 

Folio 129 

2, 754 

MapB aad diarts • 109 



Totia *. 3,686 



B. 

Table showing the statistics of exchanges of Uie Smithsonian Institution in 1864. 



Agent and comitiy. 



O 0) 



3 



i 

o 



a 
s 



3 



F. Flugel, 

Sweden 

Norway ............... 

Russui ........ 

Qermanj -.-...»«»« >•■« 

SwitMTlaiid 

Bd^Qin 

Fred. HdLUBn« AmsUrdmm^ 

Denmark 

HoUand 

GlTRTAVE KossANnr & Co., Faris — 
France 

Italy 

Bpwai and Portugal 

W. Wesley, London — 

Groat Britalu asd Ireland 

Beft of tbe world 

Tbtal 



13 
8 

48 
306 
36 
17 



10 
38 



93 
GO 
11 



149 

" *G.V 



843 



13 
12 

51 
357 
36 
18 



12 
40 



104 
53 
12 



203 



100 



1,011 



25 



3 



12 



13 

10 



63 



207 



t>7 



100 



llii 

JliO 



546 



7^ 
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0. 

Addressed packages received by the Smithsmdan Lsstitutum from parties in 

Amerieat for foreign dtstr^uCion^ in 1863. 



ALBANY, NEW YOVOL. 

Hew Todc State JJOuserj 

AMHERST, BCAflSACHUSETTS. 

Br. C. IT. Hitchcock 

BOSTON, MA88ACUUS£TTS. 

AnK riLan Ac«demj of Arts vdA Sci- 
ences 

Sodety of Nataral History 



CAMDRIDGE, ft{ASSACiIUS£TTS. 



Library of Harvard College 

Museum of Comparfttive Zoology.... 
Nautical Almanar .............. 

Ali'XiiuiUr Apassiz 

A. S. Packard 

P)wf, H. J. QUA 



COLUMBUS, orao. 

Ohio State Agricultural Society 

]K>aCHESTEB, HASSACHUSBTTS. 

Dr. Edward Jaivit 

INDIANAPOLIS, INDIANA. 

Institutiou for the Deaf and Dumb. .. 

IOWA CITT, IOWA. 

Prof. G. A. romichB 

JACKSOMVILLE, ILLINOIS. 

Illinois Stale Hoq^ital for laaaae 

JANESTILLB, WTSCONSDr. 

InsUtutiou for Ihu Blind ......... 

BCONTBEAL, CANADA. 

Tni, J. W. Dawaon 



e9 



6 



10 



140 
812 



19 

4;! 
(;:{ 
12 
S4 



80 



13 



13 



17 



60 



41 



- J 



S6 



1 



NEW HAVEN, CONNECTICUT. 

American .Toumal of Science 

American Oriental Society 

WBW TOBK. 

• 

New York Ly cemn of JNatoial Histoiy 

Thomas Bland 

Dr. Homy Draper 

PUILADBLPUA, PENNSYLVANIA. 

Academy of Natural Sciences 

Entomological Societ y of Philadelphia 
American Pharmaceutical Association 
George W. Tryon, jr................ 

Dr. S. W. Mitc hell 

l)r. Wilcox 

PROYIDENCBf RHODE ISLAND. 

State of Rbode Idaad 

ST. LOUIS, mssouBi. 

Academy of Sciences 

SANTA HABRAWA, CAUTOKNIA. 

A. S. Taylor , 

a 

TORONTO* CANADA. 

Cianadian Lwtitato * 

OlMwrvatoiy 

WASBINQTON, D. C. 

United States National OLservatoiy.. 

United States Patent Office i 

United States Coast Survey 

United States Treasury D^artment . 
Department of Agriomtare , 

Total 



1 



30 
6 



82 
20 
27 



173 

27 
45 
2 

35 
25 



9 



8 



4 
94 



135 
781 
269 
369 
60 
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Addressed packages received by the SmiUisonian InstUulion from Europe, for 

diitr&idion «• Am&ieat in 1864. 




ALBANY, NEW YOOK. 

Albnnr Tn^tifnto ' 

Dudley Ob.sei vtitory 

New York State Agricultural Society.' 
University of the State of New York. 

State Library 

Prof. J. llatl * 

Fraakliu B. Hoagh 



AMUKKST, MABSACMUMI'ri'fl. 



Amherst College 

Dr. K. HiUlicxk. ... 
Prof. C. U. Shephard 



State libmy of Uarjlaad 

ANN ARBOR, BQCHIGAir. 



Observatory ....... .... 

Univenity of Mehtgan , 
Dr. Bnumoir 



State Library 

State Lunatie Hotpitel. 



AUSTIX, TKXAS. 

State Libraiy 

BALTtKOBMf ICARTLAHD. 



Mairland Hiatotical Sodfltj. 
Dr. Jolm 6. llonii 



BATOF ROUGB, LOUISIAJfA. 

State Library 

BOSTOH, BfASSACaUSETTS. 

AmericMi Academj of Arts and 8d 

encea^.... 

Amorican Board of CommiaaioiMia fbf « 

Foreign Missiona....*., .... ...... 

Atlantic Monthly 

Boston Athetuenm 

Boston Society of NatttialHiBtoiy.. 

Bowditch Library 

Geological Survey of Massachusetts. 

Massachusetts TTistorical Society 

North Aiuurican Review 

New England Hiatraie-Qenealogieal 
Sooioty 



2 
11 
29 

4 
41 

8 

1 



5 
3 
1 



5 
1 
4 



4 
1 



3 
2 



m 

1 
I 

8 

145 

2 
1 

3 
2 



BOSTON, — (joutiuueJ. 

Perkins Tnstjtntc and U. 8. Asylum 

for iSliud . . 

Prison Discipline Sodefy 

Public Library 

State Library 

Dr. Chaih'.^ Beck 

Alvau Clarke ...... ...... .... ...... 

Dr. John Dean 

Dr. A. A. Gnii!.1 

Colonel J. D. Graham............... 

Her. Mr. Grout 

.Tfihri U. MofU>7 

Plot. \V. B. Rogers 

Charles Spragne.... 

Dr. D. H. Storer 

Hon. Charles Sumner 

George Ticknor 

Hon- It. C. Winthrop 



BBATTLBSOBO', TBBMOHT. 

VermoDt State Lonatie Aaylnm.. 



BROOKLYN, NEW YORK.. 

J. G. BioToort 

BRUNSWICK, MAINE. 



Bowdoiu College 

Prof. P. A. Chudboume. 
A. S. Packard, jr 



BUFPAtO, HEW TOSK. 
P. Hiurtod 



IR KLINGTON, tOWA. 

Iowa Historical and Genealogical In- 
stitute 



BURLINOTOif, VBBHOltT. 



UniTeralty of Yonnont. 



CAMBRTDcnS, MASSACHUSETTS. 

American Association for the Advance* 
ment of Science 

Astronomical Journal...... 

Harvard College 

Alusentn of Comparative Zofilogj 

Obsr-rvfiforv' of Harvard CoHej^o 

Clcvtiltuid AI)bo 

Prof. L. Ag:i<^i^ ; 

Ptof. G. P. Bond 



78 



BBPOBT OF THB SBCBBTABT. 



Dj—Addrcsscd packages received hf tke Snu^ioiuan Lutitution, 4ie^-^<mtixraed« 




CAAUiiiiouE, MASS.— Continued. 

Prof. A. Agfassiz 

Prof. II. J. Clark 

Miss I'cltou 

Prof. \Y<.!cott Oiblw 

Prof. Goudwiu 

Dr. 15. A. Gould 

Dr. Asii Gray 

Prof. Henry W. Longfellow 

Prof. Jules Marcou. ................ 

Charle.<t K. Norton 

Prof. B. Peiree 

F. W. Pufuam 

T. H. SafFord 

J. Lan^dou Sibley 

Jared Sparks 

Prof. J. E. Worcester 

Prof. J. Wyman 

CHICAGO, ILUNOIS. 

Academy of Sciences 

Chicago Historical Society 

Mechanics' Institute.... 

Bobert Kennicott 

CINCaNKATI, OHIO. 

Amoriean Medical College 

Historical and Philosoplucal Bodety.. 

Mercantile Library 

ObaervatOiy 

J. Tftft 

CLBVELAIVD, OHIO. 

Dr. J. S. Newberry 

CUNT02I, HEW YORK. 

Hamilton College 

Hamilton College Obsenratory 

Dr. C. H. F. Peten 

COLUMBIA, MISSOURI. 

Geological Survey of Missouri 

Missouri University. 

State Library 

COLUMJLJIA, TENNSVLVANiA. 

Prof. S. a. Haldenuuk 

coLOMDUs, omo. 

Obio State Board of Agrieultnra 

Stale Library 

Leo LiOsquejreaoK 



1 

\i 
1 
1 
1 

10 
28 
1 
7 
1 

13 
1 
2 
1 
I 



12 
1 
2 
2 



1 

1 
3 
4 
1 



1 
2 
1 



8 
1 
1 
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COXrORD, KEW IIAxVlPSiimE. 

Nufunil History Society 

New Hampshire Asylum for Insane... 
State Library 

DES MOIXGS, IOWA. 

State Library , 

DBTBOIT» mcmOAK. 

Micblgan State Agrictiltaral Sodetj., 
Office of Survey of the North Ameri- 
can Lakes........ ....... 

Dr. Tappan 

DORCHF.STlvU, MASSACHUSETTS. 

Hon. Edward Everett , 

Dr. Edward Jarx'is 

EA8TON, PENKSYLTAMU. 

Dr. Braclcenridgo Clomena ... 
Prof. James li. Coffin 

ERIB, PfiNNSYLTANIA. 

Bev. L. Olnutead 

FK A.N K FORT, KENTUCKY. 

Geological Survey of Kentucky , 

State Library .i^.... 

GAHBIEit, OHIO. 

^enyoo College 

GEORGETOWN, D. C. 

Gieorgetowu Collefire 

Dr. LMaduai... 

Dr. A. Schotft , 

IIARttl9Bl7R6, PENNSTLTANtA. 

PeDiuylvauia State Lunatic Hospital 
State Library 

HARTF01U>, OONMBCnCITT, 

Historical Society of Connectient... 

Rctrcnt for Insane - . . ... 

fcjtait! Library 

Youug Men's Institute..... 

Hon. Henry Barnard 

III DSON, OHIO. 

Western Beserre College...... «••—< 
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"Di^Addruaed package* received by the Smitktoman Lutiiuikm, 4^~Oontmaed. 




CO 

o be 

. as 

c 



nrDiANAPOLis, nmiAHA. 



IndiaoA Hospital for Insane. 
Stale Libnury 



IOWA CITY, IOWA. 



Iowa Stato University. 
Prof. Hinrichs 



JACKSON, MXSSUOPn. 

State Library 

JACKSONVILLE, ILLINOtB. 



Stato Hospital for the Insane. . 
Stete Institatioii for the BUnd. 



JAXESVILLE, WISCONSIN. 

8t»to Institotion for the BUnd 

JEFFKR80H dTT, MmOURI. 

State Library 

KALAAIAZOO, MlCBiaAN. 

IGdbJgaa JiMjlam foor Imaiie 

LAHtasa, mCHIGAH. 



State Agricultural College. 
Stete labrwy 



LEXINGTON, KENTUCKY. 

FiMtem Lunatic Asylum...... . 

UTTLB ROCK, ABKAKlAll. 

State Libmry 

MADISON, WISCONSIN. 



H'st r!cal Society of "Wipr-oiisin 

Skand-naviske Fresse-roreniiig 

State Library 

^Wiaeonsin State Agrioultoral Society. 



State Library 

MONTREAL, CANADA. 



M.-Oill University 

&'atural History Society. 

Dr. J.W. D»wiMm 

Dr. W. H. Xingttom.... 



1 
6 



13 
1 



2 
1 



4 

4 



S 



5 
1 

11 
25 



9 



2 
7 
2 
1 



NANTCCRET, MASSACHUSETTS. 



Miss Maria Mitchell. 

NEW BRDNSWICK, XBW JRBSBT. 

Prof. Gfioife H. Cook 

KEWBIRU, OHIO. 



Longview Asylum 

HEW HAYBll, CONNECTICUT. 

American Jenmalof Science 

American Oriental Sodefy 

Yale College 

Prof. O. J. Brush 

Prof. J. D. Dana 

Prof. Loomis. ...... .... .... .... . 

E. C. Marsh 

Prof. B. Sillimnn 

Prof. AV. D. Wliitucy 



NEW ORLEANS^ LOUISIANA. 

New Orleans Acadenqr of Seimieoa. 

NEWPORT, RHODE ISLAND. 



United States Xaval Academy. 

NEW TOBX, H. T. 



American Agriculturist 

American Elbnolo{^cal Society 

American Geographical and ^Statisti- 
cal Society 

American Institute 

Astor Library 

Farmer aiul Mcchanie.. ........ ... 

Historical Society 

Mercantile Libnury Asaoeiation 

New York City Afljlun, (BlaekweU's 
island) 

New York Dental Journal 

New York Institution for B\\t[<\ f 

New Y'ork Lyceum of Natural History. 

New York Prison Association 

University of tlie City of New York.. 

R. Van Arsclalo 

George Bancroft 

Dr. J, W. Diaper 

Dr. Daniel Eaton.. 

Dr. Geabel 

Henry Grinnell 

A. R. Orote 

^rr. Harlan 

Dr. Jacoby 

Dr. Lieber 

General T. C. de Moefvcora 
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X£W YORK, K. Y. — Continued. 



Charles B. Norton.,.. 

Edwnrd Norton 

13arou O^xen Sacken, (consul general, 

Russia"! , 

Dr. Schwab , , 

Dr. Limruck 

Dr. ri. Thurber , 

L>r. Juliu Torrey , 



KORTHAMPTON, MASSACHUSETTS. 



Stale TAiiiuilc AflTlnm. 
T. Lymau 



OLUHPIA, WASHlSGTOir TBRRITOET. 

Territorial Library 

OMAHA, NEBRASKA. 

State Libnuty 

OWBQO, KEW TORK. 

R. Pumpelly , 

PEORIA, ILLUfOIS. 

Dr. F. Brendel 



PmLADELPHIA, PEKNSTLVAinA. 



Academy of Natural Sciences , 

AtnitTicau Philosophical Soeiety 

Cfntrnl H'g'li Sdiool 

Ci ntral Hig;h ^^chool Observatory 

] : n t o 1 nuloff ical Society of Philadefphia 

Franklin Institute 

Girard CoIIe{^ 

Historical Society of Pennsylvania.., 
Pennsylvania Horticultural 'Society. . , 
PennsylTanla Institution for the Blind 
Pennsylvania Hospital for tlio Imiaao. . 

pharmaceutical Aiaociation 

Philaaelplna Libnuy Company 

Waprner Free Inniimto 

H. C. Carey....'. 

Pliny Earl Chase. 



K. 1). Cope. 
Elius Darand ........ 

Dr. Otio Kohnig..... 

J)r. Isa u- Lp.i 

I)r .lohu L. Lccouie- 
I)r. Joseph Leidy 
Dr. J. Auken Moi^a.. 

F Packaid 

W K Reed 

K. iio'iiutfon 

D: W. Altai swood.... 



5 



160 
96 

G 
3 
3 
11 
1 
4 

1 

o 

1 
6 
4 
7 
2 
1 
3 
2 
1 

11 

10 
8 

1 

1 
1 
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riUJUADELPHU, PA.— Continued. 



Dr. Slack 

Prof. Strier 

G. W. Tryon 

Prof. Wa^Tir-r 

Samuel S. White. 



PJUHCETOX, NEW JEBSBT. 



College of New Jersey. 
Prof. A. Guyot. . . . . ^ . . 



FBOVIDEirCB, RHODE ISLAfiV. 



Brown UniTersity 

I^utlcr Hosp'tal for Insane 

Khode Inland Historical Socie^. 

State Library 

Prof. Caswell 



<|VEBBC, CAKADA. 

Literary and Historical Society.. 
SAOIAMEirrO, CAUFOBiriA. 

state LihiaTy .................. 

RAI.EM, MAS8ACHUSE1V8. 

Esses Institute , 



6AV FRAHCtSCO, CAUPOltHlA. 

California Academy of Nataral Sci^ 

encoa . ...... 

W. P. Bloke 

Dr. Hays 



ST. LOUIS, .AII.SSOURI. 

Deutsclie Institut fUr Boforderung der 

Wisscnschaiten 

St. Louis Academy of Sciences... 

University 

Dr. G. Engt;1mann 

Dr. Albert Koch 

Dr. jl. F. Shumaid 

G. C. Swallow 



ST. PAUL, MINNESOTA. 

Historical Socieiy of St. Paul 

SING SING, NEW TOBX, 

Dr. George J. Fisher 

FPRI.no FIELD, ILLINOIS. ' 

State Agricultural Society 

Slate Libiiary 
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Dj—Aidreuedptuikagefreeeived bytheSmithionian JmtitttHm, ^.—Continued. 



STOCKTON, CALIFORNIA. 

State Iii0&ne Asjrlum 

TATOTOir, UAMACBUOTTS. 

Stete Lunatie Hospital , 

TOPEKA, KANSAS. 

State LU»rac7 

TOBOMTO, CAKADA. 

Canadian Institute 

ObMnraknj 

TREMTOH, KEW JBftBBT. 

State Lunatic Hoopitol. 

State Librazy 

UTICA, NEW YORK. 

State Lonatic Aejlam. 

WASITTNGTON, D. C. 

Bureau of Ordnance and Hydrography 

l>epartment of Agriculture 

Engineer linrenu. ...... .... 

Orwaance Bureau.... 

Library of Congress 

Setictarj of "War 

Suveoa General, Uniied SUttea army 

Uittied Stalm Coast Surrey 

United States Naral Ohsenratcwy.... 
United States Patent Office 




1 
4 



2 



2 
1 

4 
11 

r, 

7 

80 

9-2 
149 



WASHINGTON, D. c. — Continued. 

War DepartmeDt 

Prof. A. D. Bache 

Prof. S F. Baird 

Miss Dorothea Dix 

Colonel W. H. Eniwy 

J. Ferguson 

Theo. Uill 

Captain J. M. GilHss, United States 

O&V^ ...... - .... .... . . . . .... 

Dr. F. V. Jlaj^den 

.J. Hitz, (consul general, Switxerland). 

Prof. Hubbard 

General Huniphroys 

Prof. W. K. Jillson 

J. C. G. Kennedy 

Admiral R. P. Lee 

F. B. Mf I k 

H. R. Schoolcraft 

Dr. W. Stimpson 

John Willine ... ...... .......... 

Prof. Winlock 

JobnXanttts 



M ILi.J AMSIiMK;, VIRGINIA. 



3 
43 
7 
1 
8 

o 
4 

2« 
] 
2 

1 
1 

2 

a 

2 
1 
8 
7 

1 
1 
1 



Eastern Lunatic Asylum 
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American Antiquarian Sodel^. 

Catliollc Collojro 

btato Lunatic Hospital 



Total nf addrc5SPT. 
Total of parcels . - . 



I 
1 



299 
2,4®J 



MUSBUM AND COLLECTIONS. 

Altliough the additions to tho colL'ction.s Lave not been as nnmorons as in 
some preceding yoar.s. ihoir v;iluo lias been considerable, as consistintj princi- 
pally of new material from comparatively little known portions of America. 
A di^taOed list of donationB and additions to tHe nnutemn will be found at tiie 
end of the present report. The following are the principal regions and sources 
from which collections have been received. • 

Arctic America. — Very large collections of mammals, birds, e^p^^. &:c.. mndf 
in the northern parts of British America during 1863 and 1804, and lilliuj^ 
29 cases, reached JTort Garry in September last, and were forwarded to St. Paul, 
but arrived there after navigation had closed. They are now on their way to 
Washington by wagon and lailroady and are expected to airivc in a few weeks. 
They embrace many spccifB not previously received from the nortli, and were 
colh'ctod principally by Mt ssra. MacFarlanc, Lockhart, Jonet*, Sibbistou, Gau- 
det, i'iett, Reid, Maclavish, Gunn, &c., already well known from repeated men- 
tion in previous reports. A full acconnt of the collection will, it is hoped, bo 
presented in the report for 1865. 
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From Labrador small but iuterestinj^aml in.^triietive collections of birds, with 
Bomc eggs, wero rocf^Iv^ d from Mr. licnry Connolly and Mr. Smith ; and 
from Moose Factory, from Mr, John MiicKcnzie, all of the Hudson's Buy service. 

Paeifie coast of ihe^VwUed Siateti — ^Bf r. J. 6. Swao, of Ftiget flonnd, baa 
oontiimed Bib import;i<it tr.uismiesions OlnBtratiug the 20ttlogy and ethnology of 
that region. Professor Whitney, of the geological survey of California, has 
also pent to the Institution many B])rciinons collected by Dr.»J. (^t. (Jooper. 
zoologist of the survey, to bo idcntiticd by comparison with the bmithsouiau 
types. 

Interior rigion of the United States. — Assistant Surgeon Elliot GoneB and 
Acting Assistant Surgeon J. A. Beers, having been ordered to report to the 
military commander of New -Mexico for duty, loft cnrly in tlie spring for Santa 
'P^. During their journey they made valufiblo collections of birds, which were 
received in good condition. On reaching Santa F(^, Dr. GoQOS waa ordered to 
Fort Whipple, near Prescott, the newly eBtablishcd capital of Arizona, whieli 
he reached in August, and where he has been diligently engaged, in the inter- 
val:^ of his official dTitie?, in exploring the nattnal history of that interesting' 
and iittic-kuowu region. The results of his labura up to the beginning of No- 
vember, filling three boxes, have reached San Francisco, and have been ship- 
ped to the Institution, where they may be expected shortly to arriTe. Br. Bewa 
has been stationed at Fort Croodwin, on the Gila, and is also making coUectionR 
there, none of which, however, have yet been received. 

In April last. Acting Assistant Surgeon 11. ilitz left AVashington for Fort 
Laramie, to servo as sui'geon to a projected western expedition irom that post, 
nnder Colonel Oollins. During his term of Berrice, Dr. Hits made large ool' 
lections of specimens, principally on Laramie Peak, which have not yet arrived, 
owing to the fr( ezing up, in the MisBonri river, cf the steamboat upon which 
they had been shipped. 

In May ia.st, Captain John Fcilncr, Ist United States cavalry, was detailed 
to accompany the expedition of General Sully, fitted out to control the Sioux 
Indians of the Upper Missouri, and during his stay at Sioux City, in the month 
of I\Iay, collected and forwarded a valuable collection of bird.^. He then pro- 
ceeded to i'ort Rice, a new post at the mouth of Oatmon-baii river, and after- 
wards started with the command on the westward expedition. On the 30th of , 
June, when about 100 miles from Fort Bice, Captain Feilner was ambushed 
by hostile Indian.s and mortally wounded, surviving only a few hours. In this 
nrilinu ly dcjath of Captain Feilner the Institution loses one of its most valued 
correspondents. Many previous lleporffi bear testimony to the service;? he has 
rendered to science by his numerous collections of specimens in natural history, 
prepared with unusual skill, and made in the — till then— mnknown regions 
about Fort Crook, California. 

Eastern United States. — Extensive collections of eggs have been received 
from Dr. William Wood, of Connecticut. i\lr. J. W. Tolraan, of lUinoi.", and 
Dr. Hoy, of Wisconsin. Dr. F. V. Ilaydeu and Dr. Craven have furnished 
series illustrating the invertebrate I'auna of the coast of South Carolina. Cap- 
tain William Holden, of the quartermaster's department, supplied a large num* 
her of serpents and other reptiles from the vicinity of Newborn, North Carolina. 

Mexico. — The roost important col]octinn.=5 received from Mexico, during the 
year, have been those of Mr. Xantu:^. Ali ntion Avas made in a previous report 
of his operations about Colima and Manzanillo and vicinity, and of specimens 
received from him. The remainder of the collections of 1863 were received in 
1864, and filled 2S boxes, (two others still deficient,) consisting of a general 
assortment of the land and aquatic aniTual,^. nnmeroTis rainerals, and a few 
plant.^ of the region investigated, and embracing much that is new to science. 

These collections were due eaidy in the year, but were detained several 
months in Manzanillo by the blockade of the port by the French ; and were 
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fiually brought to Panama on the United States Bteamer Narragansett. and de- 
livered to the Panama Baikoad Company, by the icindness of Commander S. £L 
Woodwortht United States 'nayy. 

Several collections of birds and their eggs from the vidnitj of Mazntlaa 
have been presented by Colonel A. J. Grayaon, an old correspondent of the 
Iiifstitutioti. T}i('?e have proved of much interest, as showing an extension north- 
ward, {iloDg the coast, of the Central American fauna, of much greater extent 
than formerly supposed. Colonel Graysou is at present engaged in exploring 
the ornithology of the large islands. Three Ifarias, &c., off the coast of Mefsieo, 
and will doubtlcsa make boiiu; interesting discoTeries. 

Additional collections of hiid- and other animals, as well as of plants, have 
been received, from Dr. Charles bartorius, of Mirador, a gentleman to whom the 
Institution already owes so much material relative to the natural history of 
Mexico. Collections - of birds, mammals and reptiles, in contintiatiott. of pre- 
vious ones, have also been presented by Dr. Sumichrast, of Orizaba. 

Dr. H. Borondt, long resident in 'J'abafco, visited the United States enrly in 
the year, bringing with him valualdc colh ction?' of natural history for tlio In- 
stitution. These consisted principally of reptiles, amoug them a complete 
scries of the Chelonla, found near Tabasco. 

At the present time, an eztmsive exploration of the physical and natural 
history of Yucatan is in progrcp?!, fjf which the Institution expects some of the 
results. It is under the direction of fcjeuor Salazar y Llarregui, well known as 
former Mexican commissioner of the United States and Mexican boundary 
aitrvej. Dr. Arthur Schott, of whom frequent meotion has been made in pr^- 
Tiotis reports, as naturalist of tli T I d States and Mexican bonndaiy survey. 
Lieutenant Michler's snrvey of tin; Atrato river, &c., has been attached, in a 
similar capacity, to the Yucatan burv( y. 

Central America. — ^An extensive and mof>i uupui :ant series of buds of Gua- 
temala has been*reoeived firom Mr. Osbert Siuvin, of London, types of the 
report made on the Guatemalan collections by himself and Mr. F. Godman. 
A valuable collection of Costa Rican birds has been receired from Dr. A. von 
Frantzins, already referred to in previous reports; and many specimens, also, 
from Mr. J. Carmioi ; the two scries embracing on unusual proportion of new 
and rare species. 

From Captain J. M. Dow additional collections of birds of the const k tn 
of Central America have been received ; and several collections made by Mr. 
JTrcderick HicKs ]\:\\v, been submitted to ray examination. 

ISouUh America. — Specimens ui" birds from Bogota have been presented by 
Mr. J. Krider, Mr. J. Akhurst, and Mr. J. H. Roome. Additional 'collectiomr 
of birds of Ecnador, of much value, have been leceived fkom Hon. J. B. 
liuckalew and Prof. W. Jameson ; and, also, quit:? a number firom Mr. Akhurst 
A collection of birds from the vicinity of La Paz, Bolivia, made and presented 
by lion. D. K. Cartter, ha^^ proved of the greatest interest, embracing, among 
other novelties, two new humming birds. A collection of woods from Surinam 
has been received from Mr. Henry Sawyer. 

West Indies. — Additional ( ollcctions from Mr. W. T. March, of Jamaica, and 
from m. Charles WrJ-hf Mr. N. II. Bishop, and Dr. F. Gundlach, of Cuba, 
have tended to make the .Smithsonian series of birdfi from these islands still 
more complete iliau heretofore. A valuable collection of shells of Jamaica has 
also been received from Mr. March, and of Cuba from Mr. Wright. 

A series of birds of Nassau, New Providence, presented by Lieutenant Fits- 
gcrald, of the British army, included several species new to the collection. 

In addition to the collectionf^ of birds referred to above, as received from 
particular regions, Mr. Ed. Verreaux, of Paris, bos presented, through the 
instrumentality of Mr. Jules P. Verreaux, the enunent ornithologist, a laig^ 
number of species from Mexico, Central and South America, embracing many 
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valuable rypr?, and of inestimable service in prosecuting the study of Midillo 
and South Ameiican birda, only equalled in this respect hy the dooatiooB of 
Mr» Salvin. 

Aa might bo expected from tlie plan of oporaUona of the Institntion, the 
coUectioDS received from Europe and the rest of the Old World, during the year, 
are muah inferior in number and extent to those from America. Among dbese, 
however, sliouhl be p:»pecially mentioned a series of Scandinavian Ptarmigans 
and of rare northern birds, from Prof. 0. Sundevall, of Stockholm; and of rare 
European cg^s, from the Iloyal Artillery Institution, of Woolwich; Prof, llai- 
dingcr and Prof. Homes, on the part of the K. K. Geologische Eeichsanstalt, in 
conjunction with the Imperial Mineralogical Mueeum of Vienna, have preBcnted 
an extcngive series of fossils of the tertiary basin of Vienna. The K. Ober- 
Bergamt. of T5rc?lau, has contribntod n very ii?efal ?eric3 of minerals and raining 
products, illustrating the metallurgy of the royal mining establishment of Silesia. 



fNVBSTIOATION, IDENTIFICATION, AND BNTBRING OP COLLECTIONS. 

Steady progress has been made, during the year, in the determination and 
labelling of the collections of the Institution, and the setting aside of the 
duplicates, hy the diflerent gentlemen to whom specimens have been intrusted 
for the purpose. I have, myself, been engaged, at moments not otherwise 
occupied, in reviowinpr the entire collection of birdf of America, both north 
and south, in charge of llie Institution, and in preparing a descriptive catalogue 
for publication in the Smithsonian Miscellaneous Collections, Of this review 
abottt one hundred and fifty pages have been printed, and an additional por- 
tion is in press. I am indebted to several gentlemen for important aid in car- 
rying: oTit tlii? undertaking, by the loan of specimens necessary for comparison; 
es])eiji,illy to J\Ir. Georsre N. Lawrence, of New York; Mr. John Cassin, of 
Piiiladclphia ; Dr. Samuel Cabot, jr., of Boston j and Messrs. Edward and 
Alfred Newton and Mr. O. Salvin, of England. 

Hr. W. S. Morgan, of Washington, has been systematically engj^ed in 
makinp: a scries of drawings of all the varieties oi authenticated species of 
North Amenctin o^i^^a in the collection, to bo used in preparing the illustrations 
10 Dr. Brewer's work on North American Oulocry 

The following table shows the amount of work done, during the year, in the 
way of registering the collections. 

Table tliow'mg thr fnfnl namhcr of rnlrirs on fhf rccord-booJcs of tlie SmithtO' 
man CoUcctiuns at tlic end of Ike yean 1S63 and 1864. 



Skeletons and Bkolls. 

Mammals 

Birds 



Reptiles I c, a-jo 

Fishes ■ 5,075 

Eggs of birds 7,275 

Cni?taceans ; ) "~f* 

Moilusks 



Radiates.... 

Fossils 

Miuemls 

Ethnological speeUnens 
Annelids 

Total 



1864. 



6,275 
7,782 

35, 111 
6,54:? 

.5,404 
8,700 
1,287 

10.525 
2,726 
5,487 
4,925 
1,048 
110 

96,988 
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If to the ribovo we aAd the mollupci cataloj^uod. by ^fr. Carpenter, the record 
of which, lilliug an entire vohime, is still in his hauds, it will bring the total 
number of entries full^ up to 100,000. As in all departments, excepting those 
of mammals* birds, and osteology, each entry may Ineludo a lai^e namber of 
specimens, it is a fair allowance to estimate an average throughout of five to 
ench nnmber, making half a million of oljjf cts catnlogucd (probably many 
more) and marked by permanent labels or ligures. The average nr.mbcr of 
entries for the twelve years during which the system ha.s been continued will 
thus exceed 8»000. 

DlSTHlDUTiOiM OF 0CPUCATUS. 

A very larg-f Qttmher of specimens have been iisaed from the duplicate stores 

of ihr ftistitulion, in 1S61, both to pnl)lie museum!* at homf* and abroad, and 
to geutiemmi r(M|uiring them for t^ji-cial invc-^tiirations. The following table 
exhibits the statistics of distribution us tar as they coidd be reduced to 
^gares: 



Mammals 

Birds.. 

Eggs 

Reptiles 

Blit'ik ..... 

Cru»taceaD8~ 

ISvine mTertebrotes geoerally. 

Casts of aiif»][niti«8 

Bodu 

Building stouos ^ 

Total 



Species. 


Spcdmena. 


J68 


(iiio 


1,490 


5>,708 


431 


1,641 
69 


51 


•600 


«S,1(I0 

fNpj» 


77 


1,072 


3,796 


58 


58 


•500 


M.OOO 


*m 


3,eao 


4,807 


1G,461 



The estimate, although somewhat approximate, is under the true amount 
of material distributed, rather than in excess. Every specimen included in it 
was carefully and authentically labelled before boins issued. Of the birds 
referred to» 360 were monntod dapHcates of the United States Exploring Ex> 
pedition, supplied to the Boston Sociotjof Nataral History and the Philadelphia 
Academy of Natural Sciences. 

PRBSBNT CONDITION OP THE MUSBUM. 

The specimens exhibited in the museum ure all, apj^areuUy, in good condi- 
tion, &cc from insects, and nearly all properly identified and labelled. The 
series of fishes has been removed from the rooms under the art-gallery and 

placed in the northwest gallery of the museum hall, arranged for their recep- 
tion. A series of ca«ts of intni pstln^ Mexican masks' and other antiquities, from 
originals in the museum of the American Philosophical Society, has been 
placed in the eastern end of the northeast gallery. 

A large portion of the collections of the exploring expedition and Western 
American shells, intrusted to Mr. Carpenter for determination, has been re- 
turned by him, but they remain in the cases in which iliey arrlTed until the 
rest shall have been received, by request of Mr. Carpenter. 



"Approximate number. 
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LIST OF l»u.\ATI0X8 TO THB MUiiBUM DUBINO 1864. 

. — Box of foBBils, Mouut Pleasant, Iowa. 

Ahcrt, Thaifcr. — Fonr capp? of minerals, (deposited.) 
Adams, \V. H. — ludiau arrow -head from Illinois. 

A^Uursi, J. — Collectiou ot birds of Now Granada aud Cuba. Skitis of birds 
of Ecuador. 

Aldrich, T. — Shells and insects from New York. 

Andrews, Prof. E. B. — Meteorite from Ohio ; alcoliplic Bpeeimens, &c* 

Austin, E. P.— Insects from ^fichigan. 

BabcorJc, A. L — iSkins of birds from MastjaclmsettB. 

Betbe, E. H. — Minerals from Galena, Illinois. 

Beertt Dr. H. Oollection of birds from Kansas and New Mexico. 

Berendt, Dr. H. — Specimens of P/t i/sella BerendUi from Mexico. BeptileSi 
insect?, medicinal plantp, &c., from Tabasco, Mexico. 

Berlhond, Lieutenant E. T. — Tooth of mastodon IVoni Kansas. 

Bertineau, CAar^j.— Ammonites and teeth of ^ijarks and saurians from 
Pembina river. 

Bkkop, N. 'Box of birds from Bemedios. 

Blake, J. S, — Four boxes of gold and .<ilver ores from AguaBlanca, Mexico. 

Bland, Thornax. — Box of AVc-^t Indian hIk 11?. 

Boardjna?i, G. A — Skins* of bird?; nest of raven from Kcw Brunswick. 
Braumcr, I. C. — Specimen of monstrosity. 

Breslau, K* Oher Berg- Ami. — ^Five boxes of minerals and metallurgical 

specimens from the royal mining establishment in Silesia. 

Buchncr, Dr. O. — Six boxes of models of German fungi. 

Bnchalcn\ Hon. C. /i.^Skinf of birds from Ecuador. 

Camjtjield, H. — Surgical knife used in the revolutionary war. 

Ckmiiiol, Julian. — ^Two boxes of birds and mammals from Central Costa 
Bica. ^ 

Carpenter, W. T. — Collection of Australian pnlyzoa. 

Cartfer, Hon. D. K. — Soriof of birds from La Paz, Bolivia. 

Ckrisiiania, E(hvoh)ij;a-al Museum of. — Illustralious of Lapland ethnology. 

Collins^ Colonel W. O. — Skins of Lmcosticle Ivpkrocotis tind Lt^pm Towi^ 
sendUt Fort Laramie. ' 

Comollyt Henry. — Box of birds from Labrador. 

Cooper, Dr. J. G. — Skull of VuJpes lUtoralU, San Nicolsai* island, Oalifoniia. 

Cope, ProJ". E. D. — Box of fossil p^anoid fi?l!Pj5 from England. 

Cosgrorc, Lawrence. — Iron pyrites Ironi Fort Scott, District of Columbia. 

Coucs, Dr. Elliot. — Two boxes of birds from Kansas aud New Mexico. 

Graven, Dr, — ^Box of mollusca from Hilton Head. 

Dall, W. — Insects and shells of Massachusetts. 

Davis, H. — Box of fresh-water shells of Iowa. 

Datf, H. H. — Silver ores from the .Savage mine, Virj^inia city. 

Dobson, — Ari'ow-heads, Crown l^oint, New York. 

Doldt Andres. — ^Tooth of elephant, Las Vegas, New Mexico. 

Dawt Captain J. ilf.— Box of birds from Central America. Skin of Jaguar. 
Oentral America. . 

F'f^^' rald, Lieutenant C. L. — Buds and shells of the Bahama islands. 

Flint, Dr. Earl. — Orthopterous insect from Nicaragua. 

Foot, Hon. S. — Octojptis from Fort Pickens; collected by Captain H. A. 
Smalley. Ores of iron from Vermont. 

Foster, Colonel J. W. — Cloth from an ancient mound in Ohio. 

Frantzius, Dr. A. von. — Series of birds of Central Costa Kica. 

Galodif, Hon. M.— Insecta and crabs from Dominica. 
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GeUen O, Specimea of Redmvitu. 

Gill, Theodore. — Skins of hmnming bin!?;, reptiles, shells, &c., Wdfit IndiOB. 
Gilpin^ Dr. J. B. — Shrews and mice of Nova Scotia, in alcohol. 
Graywn, Cdond A. /. — OoUectioa of birds and eggs from vicimt^ of Ma^ 
zatlan. 

Gundlaclh Dr. J. — Mounted birds from Cuba. 
Haidingert Prof, W. — See Vienna. 

Hall, John II. — Specimena of Bmdte from Lancaster cotinty» PennsjlTaiiia. 

Hay den, Dr. F, F. — ^TUrce boxes of alcoholic collections from Beaufort, 
South Carolina. 

Hepburn, James. — Box of birds from British America, 

Heramh, Carl, — Shot pouch of eel skin from Norwaj. 

Holden, Captain W. — ^Three kegs of serpents from Newhem, North Caro- 
lina. 

Hdrtics, Dr. — See Vienna. 

Hoy, Dr. P. R — Box, nest and eggt*, Wis^consin. 

Ja/ucs-on, Prof. W. — Skins of Tetragonops rJiampha^tinus and Merulaxis 
crtJhonyx and other birds from Ecoador. 

Jouett, U. S. N., Captain J. E. — Skin of alligator gar. 

Krefftf Dr* 6r.— Scale of Osteoglossoid fish, collected in Australia by Dr. Leich- 

hardt. 

Kridcrt John. — Skiuii of South American birds. Six skins of birds from 
Bogota, 

Jjmc^n, C P.~Bird9' (•ggs from Taunton. « 
Lippincott, B. — Mouses and beaver-tail from Oregon, 

Mackenzie, John. — Box of birdn from Moose FnctDvy. 
March, W. T. — Shell)?, with ^k\m and o^'j;^'^ of bird.s tVoni Jamaica. 
Maximilian, Prince of Wied. — Box of European birds. 
Meig,s, Major General M, C, — ^Timber bored ny Teredo, 
Merrily B, A^Sholls, lichens, and skin of Arvieoia pinetorum from NeVr 
York. 

Odcllt Franklin. — Indian relics and quills of porcupines from New Hamp« 

shire. 

Paine, C. S. — Skin of albino mouse and of Ar cicala alLo-riifcsccns (t) from 
Vermont. Skins of Bonaparte's gull^ and nest of Turdust paUam. 

PeUmeTt Dr. E. — Box of plants, alcoholic specimens, &c., from Kansas. 
Three boxes of minerals, plant:', zo('>lo;:^ieal specimens, Colorado Territory. 

Parkinson, D. F. — Six Indian skulh from California. 

Pease, \V. H. — Two boxes of Sandwich island shells. 

Philadelphia Aoademy qf Naturnd ScieMtfe*.— -Duplicates of South American 
birds. 

Poole, Henry. — Sliells and bird.s' eggs, Cape Breton. 

Proifhs, Dr, D, W, — ^Birda of Uiiton Head, South Carolina. Nest of 

m;ir:^h wren. 

lloome, J. 11. — Collcciiou of Bogotau birds. 
RaweUf Rev. J.^'Box of California shells. 
Sanntinn, L. — Series of specimens of rocks. 

Sa??i ucls, E. .il.^Eggs of summer duck and of hooded merganser. Nests of 

birds from Maine, 

Sartorius, Dr. — Birds, plants, and shells from Mirador, Mexico. 

Sawyert Henry. — One hundred species of wood from Dutch Guiana. 

Skvner, jE2e»ry.— -Birds from Illinois. 

Shutes James G. — ^Nest and eggs of Dendroica pinut, 

Siler, Andrew L. — Fossil wood, shell?, and Indian curiosities, Utah. 

Simpson, Georsre B. — Copper spcar-licad and other relics. 

Smalley, Captain H. A. — Octopm from Fort Pickens, Florida. 
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Smith, B. — Box of birds from Labrador. 

J^raguct B. T.— Minerals from Essex eonnty, New York. 

Stimpson, Dr. TFI— Zoological collections from Becsley's Point. 
Strong, C. — Silver ow^ from the Gould & Ourry mine, Virginia city. 
Sumichra.st, Prof. F. — Collection of vcrtcbrata from Mexico. 
iSundevall, Vrqf. — Skiu.H oi birds of Sweden. 
Scott, Ansel, — Indian relice. 

Swan, Jas. G. — Three boxes zodlogieal collections and Indian curiosities 

from Pugct Sound. 

7<itjIor, A. 5. — Gra?f^]i; !pper^s from California. 

Thonismt, J. //. — Motella caudacuta from New Bedford. MoUusca from the 
coast of Massachusetts. 

TohMOU J' IFl— Collection of eggs from Illinois. 

Vdief Dn X TV. — Pjg*:^ of Mcr^us mcullatus and Ectopistes migratoria. 

Verrcanx, Edward — Thrf e liuiidred F^pecimens of birds and ten skins of 
mammals from Oen':nil and South Amcrie.i. 

VienTia Gcologischcs Reich^anstall, and the Imperial Mineralagical Mu- 
seum, — Six hundred species of tertiary fossils of the Vienna basin» famished bj 
Prof. Haidiiiger and l^of. Homes. 

Vienna Kais. MincralogUches Museum. — See Gcologischcs Ucichsanstalt. 

}V,ilJ:rr, R. L. — Mt/ria nda from Alleg;liany County, Pe^rl.'5y^^■ niia. 

Warnn, Major General G. K. — Skiu of Actodrotna.s macidata, i^ctcrsburg. 

Window, Dr. C. F. — Skiu of Daption capcnsm, IVru. 

Wharton* Thomas. — Ores of Nickel* nickel and copper coins* &c. 

Whitnetj, Prof. J. D.^ZoOlogical collections of Geological Survey of Oali- 
fornia, (Deposited.) 

Wood. Dr. TF! — Hox of eggs i'rom Connecticut. 

Woolwich, lio^jal Artillery Institution. — Kggs of European birds. 

Wright, Charles. — Birds and shells of Cuba. Box of Cuban land shells. 

XoMbus, J. — Nnmerous boxes su)dlogica1 collections* Manaanillo* Colima, 
Mexico. 

Yovng, Prof. C. A. — Specimen of Parmellec Meteorite of February 28. 1858, 
and of the Meteorite of New Concord, Guernsey county, Ohio, May 1, 1S60. 
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* FBOU wmcH 

LIBRARY HAVE BEEN RECE 
DURING THE YEARS ltf(>0-'G4. 



SWEDEN. 

€t6AAoTg. — ^Kongliga .YetenskapB-oeli yfttddiets-Sfunliille 

Lun<i.- -Koneliga UnivcrsitPtet 205 

Stockholm. — Bureau Central do Statistiquo Suodu 55 

Kongligs Vetenskaps-Akademien 4ft 

Konn:lipi Yitterbeto-Historie-och A ntitpiifmtin A kadrnwlim IG 

Kiksbibliotokct 55 

C^Mla. — Kongliga Yetenskaps-Sodetetea 34 

Universiiets Obienratoriet 4 

* 

KORWAT. 

Bmrgtm. — ^Bergensk Htuetun & 

dbvtuinm.— Foronin^ til Xor^ikc Fortidsmlodesmerkon Bevaiing H 

Kougel ige Norsko Universitet 196> 

Norwegian Govenunent 10 

^Observatoiium 4 

' Phvsif^aphi^ko Forening & 

VideiuikalM Selakab i Ghriatianift 4 

ICELAND. 

Rafg^QOvik. — liUauda Siittisbdkosafn 3L 

DENMARK. 

KjOhenhatn, ( CopcnAa;;'*^ ri.)—Kou^clige Danske Yideuskabenie6*Selakal>.... 27 

Kougclige Laudhuusholdnii^s-SoUkab 14 

Kongclige Nordiske OldskrifMSalskab '. 29 

N.iturhistoriske Foreniiig^ 4 

Tidskrilt tor Yeteriuajr 94 

RUSSIA. 

Dorpat. — Dorpater Naturfor.solier Gescllschafl 14 

Gelehrte Esthuische (.iesollschaft J3 

BnUingfors.—Vm&Ve Lakan^ Sallskapet 9 

Societ.'i'* Sciontiariuu Feunica 20 

Ka$an. — laipcr. Kuzanskii Universitet 14 

JMiiihrft. (Jln»M<N9.)-^Imperat. Obsbtabcstvo Istoiii i Dremostei jPmiitkih pii Mo6> 

kovskom Unironitete. & 

Societ6 Imp6rialo des Naturalistes de Mosecm 21 

Putkotca. — Obscrvatoiic Iinp6rial ........................... 24 

Renal. — Esthlandische liUorariscbe GoseUscballfc & 

Riga. — Gesellschaft fiit-Oeschiehte mid Altertimmsktuide der BoadfldieD (Mam 

Provinzen 26 

Naturforscbeuder Vereia. S4 

8l Pctervter^ .— Bibliotibek der EvangeUschen Gemeinden 1 

Gidrographitsbeskii Dppartunieiit Morskago MuyfllHRtva 38 

CouuuiMion luiperialo Archeulogique 7 

Impeiat. Akademija Nauk Ill 

Iniper. Arkbcolo^itc-borskoje Obsbtsbestvo 2 

Imper. Publitchiiajii Bibliotcka 2 

Imperat. Kusskoo Gcograpbitsheskoe Obshtsbestyo...- 37 

JmpexaL Yolnoo fikonomitaheskoe Obshtshestvo Sft 
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Kuis, Piiarmiicoutiacbti GcselUchaft 1 

Khis. Russ. MiuoralogiKcbo Geadlschaft 5 

Morskoi-Outcbenoi Cuniilt-t 91 

Morskojc Ministcihtvu 25 

Nikolai Ilaupt-Sternwartc -. 1 

Shtab Korpttssa gornykh Inpeneroff 17 

Warschaut (^WarMw.) — Bibliutcka lowarzystiva Rolniero^o Krolcstiva Polskicgo... 33 

DE NEDER1.ANDKN, (llOIXAMD.) 

Amsterdam, {Noord-HoUand.) — Koninklijke Akadcmic van Wotenscbappen 50 

Genootscbap ter Bcvordering der Genecs-en Hcclkunde 1 

Koninklijk Zoologisch Genootschap **Natum Attia Mugbtra" 9 

Stadsbibliotbeek 1 

Maatschappy : Tot Bevordering der Bouwkunst 3 

Vciccn'igiiig voor Volksvlijt 25 

Wiskuadig Geuoutscliap: *'£eii oavermoeide Arbeid komt alles tcboven'*... 47 

Anhertiy (Ge/<fertoiu^.)— Goaootschap "Tot Nut en Vergcnoegea"..^ 14 

(JZmd'HoUmd,} — Koniuklijk Institnnt van Xaal*, liand^ Ydlkenkuii^e Tan 

Nedorl. Indi6 1 

i>e«m(«r, ( Overysstl. )— Oponbare Bibliotheek ....^ 9 

t^Qratenhmrf, { The llaguf.) {Zuid-nolIand.)--Govmtai«ota( the Kethfflaxids II 

Koninklijk Instituut van Ingcnicurs 120 

Nederlandgche Entomologiscae Vereeni^ing 25 

Onmingen (Groningen.) — Academia Groningana ... 5 

Oenootschap to GroTiinf:;en pro cxcolcudo Jure Patrio I-- 1 

Gunootschap tor Bi;v()rdf !iiiL^ <lcr Xatuurkundig WfU-iist-bapppn 3 

huarUm, {Noord- Holland.) — ILillundst he Maatscbappij dci W< tenscbappen 9 

Nederlandscbo Maatscbappij ter Bevordering van ^^'ijveriieid 150 

Masdo Teylcr .* 1 

HtftogetUfOsekf (jNoord^Brabant*) — Provinclaal Ccnootscbap van Kunstcn en Weten- 

schappen iu Noord-Brabant 3 

Lteuwarden, {Friesland.) — Friosch Genootscbap van Gescbied-oudheid^en taalknnde. d 

Leiden, (Zuid-IIoUand.) — AniJoniiii I.uf^dnno-I5at:iva 6 

Maatscbappij der NedorlauUscbc Jjetterkuudo 7 

Kijk'8 Museum van Natnurlijke GeschiedfiniB — 4 

Stolpiaansch Legaat 1 

Middelburg, {Zeeland.) — ^Zeeuwsch Genootscbap der Wetenscbuppcn 1^ 

BotUrdamt {SSuid-SMland,) — Bataafsch GwootBcbap der PnMrondervindelijkb W^t- 

bi^certo 3 

Utnd^LX Utreeht. )— Aeademia Kieno-Trajoetiim €S 

Birtorifceh Gcnoutschap 86 

K<Miiinkiyk Kedorlaudscli Moteorulugiscb Instituut .... 30 

Obflorratoriuin 1 

Provinclaal Utrcclitst h G( nootsrhap van Kunsfoii en Wetensc happen 84 

ZuoUef (Ovei^sseZ.)— Ovcrjssolscbo Vurcooiging tot Outwikkeiing van Proviaciole 

WelTaart 19 

Yereenigingf tot beoefening vaa OveiysBelflck Begt en Geschiedenii 14 

GBRMANYf IIVCLUDING AUSTRIA AVD PRUSSIA. 

Deutsche Omitbologcn-Gcsellgeliaft ' 1 

Versammlung Deuisi lior Xutuifoiscber unil Ac.ztc 10 

Agram, {Austria.) — Kodactioa der Gospodarsko List 204 

AUenhurg, {Saxe-Altenburg^ ) — Oescbicnts* und AlterthumBforschende GeaeUadiaft- - . 4 

Naturforschencle GcsclIsoTiafr dos Oslerlandes 14 

Ansbach, (Uararui.)— Uistoriscbor Voreia in Mittelfrauken 5 

Augsburg, (Bawria*) — ^Hlatorischer Verein £iir Sdiwabeu und Nenburg 22 

Landwirtbscb. Vc r* in ron Schwabfiii und Neuburi; 19 

Naturbi.storiscber Vcroiu ....j 5 

Redaction der Wocbcuscbrift lur Thicrhoilkunde und Viebsucht 8 

Bamberg, (Uarariu.) — Naturrursc iiende Oc^cllscbaft 4 

Bendorf, (Prussia.) — Deutscbo Ge rllsclmtt fur Psycliiatrio und gcrichtlicbe Psycbo- 

logio 18 

Bei^, (Prussia.) — Seine Majestcit der Konig von Preossen 17 

Konigcn Elizabeth 3 

Acclimatisations- Verein fur die Preuss. Staaton 38 

Central Verein fiir das Wohl der arbeitcuden Klassen 20 

DeutNcbe Geolojriscbe Gesellschaft 31 

Entoniologisclier Verein ...... ...... 22 

Geseliachat't lur Erdkunde 15 
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Konigliehw l^daS'OMMnMniiie-Colledam 197 

Koni<?lich Preussische Akadomie der Wissenschaftea IG 

Koniglich rrcimischer GeneraUtab der Armeo 18 

ITfrnicrlif li PrPiigHiarlin TofJiiitimyli^ mffl-Pupntatitm 17 

Physikalischo Gesollschaft 15 

Polytccbuisclie Geselbcbaft 13 

Redaction des Laudwirthschaftliclien Contralblatt fiir Dentscbland 36 

Redaction tics J>audwirtliscbaftl. Zfitiinpf furNoid- mid Mittcl-DeatBcUaod... 19 

Redaction des Statistischou Ceufcrai-Archivs» (Dr. O. ilubner) 1 

Statistiscbes Iknoaa 6 

Stonographiscbcr Verein Jl 

Universitftts-Sternwarto 7 

Verein Deutscber Ingeuiouro ............ ...... 40 

Verein fur ElsenbalmkaDde 15 

Verein znr Belbrderan^ des Gartenbaues 349 

Verein zur Befordenui;^ des CL'werbrfleis.sos in PreaMen.. 1 

Bernburg, ( A nhait.) — NorddeuCsclier Apotbeker« Verein 16 

B lmktn buror^ (Brwifm'eA.)— NatorwisaeiuebAftlicber Vei^ des Hanes 3 

Bmm, (Prussia.)— K. Stomwarto 0 

Natorbistoriscber Yoreiu der preussiscben libeiolando uud Westphalens 5 

RedMtion des W!egrmaim*8ohen ArehiTS f&r Naturgeacliiobte^ (net IVoacbol) 34 

^Jniver8itat^^-Ribliot^K•k ...... ...................... ...... ........... 183 

Universitata-JSternwarto 6 

Verein von Alterthutnsfrounden im lUieinlande 11 

Braunschweig^ (Brunswick.) — 1"\ Viowpfj und Sohll ........................ ...... 10 

Bremen, ( flaase-Town. ) — Stadt-Bibliotbek .... .... 34 

Mnslau, (Prussia.) — Gcwerbi;- Verein 79 

Kdnigl. Prouss. Ob<M--Ber<^-Aint t. 19 

Schlesiscbe Blinden-lJnteiTicbts-An.stalt 7 

Scblesischo Ge.seDscliart fiir yaterlandiscbe Cult nr.... 18 

Scblesiscber Verein liir Borg- iind llUtteukundo 3 

Briinn, (Austria.) — K. K. Mabrisch-scblesischeGesolliicbut't lur Ackerbau Natur- und 

Landeskunde 7 

Naturforscbender Verein 1 

Wemer-yerein zur geolugiscben Darcbforscbung von Mabren und Scblesien.. 8 

Bnda, (Ausiria.) — A Magyar Tudoniunyos Akadeiniu 106 

Ce//e, ^//annorer.)— Ijandwirtbscbaitiicbe Gesellacbaft * 36 

Ch$miutx.—K. Gewerbscbnle .-. 4 

Ckmnitz. — Redaction des Dentsclun Indiutrie Zeitm^ 144 

OfTentlicbe Uandols^Lebranstalt 3 

Dmmxig, ( Pru$$ift. ) — ^Natnifonchende Geselhehaft 10 

Darmstadt, (Hessia.) — Grnssbcrzonrlich T Ti s i snhft f!«n trfl).g^||^ fii y 4? A TfftHfl^ SfatwtHf 4 

Grossberz. ilessisclier Goworbe- Verein 16 

Mittelrbeini»cb-geolofiacber Verein 1 7 

Verein fUr Erdkundo u. vcrwandto Wissenschafteh 30 

Deidcsheim, (Bavaria.) — PoUiehia: Naturwissenscbiiftlicber Verein der bayeriscbeu 

Ptalz S3 

Desaau, (Anhalt.) — Natiirbi'^roriscber Voroin 23 

Dnsdcn, (Sazony.) — Seine Majestut der Kouig von Sacbsen 36 

Gesellschaft "Isis." 5 

Handols Lehr-Anstalt 8 

Kaiserlicbo I/eopoldino-Caroliniscbe Deatscbe Akademio 3 

Kdnigliche Blindcn-Anstalt. ...... 6 

K. Poljtecbniscbe Scboio • 4 

Sacbslscbe Inp^enieur-Vereln ^ 4 

Statislisclies lUireau 13 

Ei§emac^ — Grossberz. Carl Friodricb Gjmnaaiam 3 

Grossben. Seal-OTmnasinm 3 

EUetfcld, ( Prussia. )— Natnrwissenscbaftl. Yerain V. Elbeifeld u. Barmen 4 

Wuppertbaler Tbierscbutz- Verein 1..... 1 

Eldema, (Pr»s*ia.)— Baltlscber Central Verein 55 

K. P. Staats- und laudvTirtbscbaftl. Akadcmie Eldena 16 

Emden, (Hannover.) — Naturibrscbende Gesellscbaft... 80 

Ems, (Kassau.) — Redaction dor Balneologiscbcn Zeitong ... 4 

Krfnrt, (Prussia.) — Akademifi Gemeinniitziger Wisscnscnafton 4 

franJifurt-tim-Main, (Hanst-Town.) — Gartenbaugesellscbaft "Flora" 4 

Pliysikaliscber Verein 6 

Sencken])er(^ischo naturforscbondo Gesellscbaft 9 

Verein iur Geograpbie und Statiatik 8 

Zootogisehe QMeUsehaft 66 
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Fniberg, {Saxony, )--K6vagtich^chsiBchQ Bergakademie 5 

• Fnikurg, ( Baden. )— GcsolUchaft fUr Bef<tkffd6»ng der Natnrwissenscbaftea 6 

Univcraitats-BlbUothek - 10 

FrUdberg, ( Ilessia. )— Blinden- Anstalt .' 4 

Taubstumm-'ii-Anslalt 16 

OUssen^ (ifessta.)— OberUe»$ische Qeseiiflchaft ftir Natur> und HoUkunde 34 

Univenitat8>Bibliot1iek 91 

GMitz, (Prussia.) — Natnrfor.schende Gesellschaft 3 

Oberlauaits&er Ghsellscbal't; der Wisaenscbaften SE4 

Verein ftir Hfihnerzucht 39 

Gottingen, f !ftninoi:rr )^Kon\g]k'hv Gf >( llschaft der Wisseaschaften 18 

Gotha, (Jiaze- Koburg'(iloLha,y--{ieogxfip\\ische Anstalt 80 

Herz. Bibliothek der Fri^eniiteia'scfaen Sammlungcn , 12 

Tburinp^cr Gurtenbau-Vereiu 5 

Grdtz, (Austna.) — Ueoguostiscli-Monfanistischer Vercin fur Steiermark.. .......... 20 

Historiacher Vorcin fur Steicrinaik ^ 5 

K. K. SteierinaTki-che Landwirthst liaft.s-Geseilacliaft * 4 

Steiernvirklscbi 1 iK liistrie- iind Gtiueibe-Verein 213 

Grtifswald, (iVus.^ia.) — I uivcrftitais-Bibliotbek 190 

<?iimfrmiMii, {,Fruisia.) — Landwirtbscbaftlicher Central Verein fiir Littanen und Ma- 

SlUCM 19 

Balh^ (Prussia.) — ^Na.urtorscbriulo GespllKchalt 15 

Natnnvi-Jscn.^cli.iUlu-lK-r Vcrfin fm Sarhson nud Tln:r;ngon 10 

Tb'u iiipiscli-Scic'h.-ist her Vorciii llir vatci laudisclie Alttjriliuinskundu 2 

Ulliv*■r^^itats-Bl])l;olllclv 228 

ifainittr^, (/iojMic-'ioicn.)— Allgonioinc Aruu u-AnstuU 1 

Commerz-BIbliothek 1 

Katui wis.M'uschultUdhier Verein 3 

Stadt-BiblioLbuk 49 

Verein fur Hambnrp^ischp Oeschichte 5 

Hanau, [Hess,ia.) — Wettemiit r ( Icsellschaft lur dio ^osammtO Natorkmide .......... 7 

Hannoter. — Apotbcker Verein in Nord-Deutscblaud - - 24 

Architecten- und Inffeniour.Verein 15 

Utmnorcr, i Ifaniior'r. ) — G('\v< ! be- Verein fiir doa das K. Hannover: ... . .... 10 

Historiscber Verein fur N icderi^acbsen 26 

, K5nigliche Bibliothek 18 

Xiituibisforix ho Gcsenocbaft , 5 

I'olyteclmisebu Jjehulu , 16 

Heidelbrrv^ ( Baden. ) — Natnrbistorisch-medicinischor Verein 37 

Uiiiversit its-l{il)liothek 82 

Ilrniiannstadi, ^.JMs/rar )-— Siebenlmigiscbor Verein fur Nat urwissenscbaf ten ....... 43 

Veiein fiir SiflH-uhnrf^isrlio Landeskunde 16 

Innsbruck, ( .1 i(striu. )~Vciihvi\.ivlvnui ...... ...... 5 

Jena, C5axc-/JV*w.<;r. Luiidwiribschafislicbe luslitut 30 

Medicin i 8 1- li - N a t n i w i s < ■ : i schaHiIicho OeseJ ischafl 2 

TTniver,sitat,s-B:bliorliek 265 

Karhriihr. ( Unden. )— Ceiit;nlst(^ile f-ir dio LantUvirth^elialf 1 

(Trosshoizoi,'lii-lie ilofb'.hrolhek 22 

Kassei, {Hessia,) — K. Commission lur Lan*l : ; ^ -cbaftlirhc Aug:ele<^PuLeitfcn in Knr- 

hesscij J:^ 

Xul, (Jhistriu.) -L iixiwirthschaftlicher Qeneralverein des Herzogtboms Holatdn..'. 4 

liednctiou doi- Selml-Zr-iJuii;:^^ . 2 

S. H. L. Geseiisebiiit far tlio K;a,ujuiluug und E; haitimg vaterl. AltcrtbUiner. . . 4 

Sch]e3wi<r Iloisteiu-liikuonbiirg^ebe GeselUcb^ift fw vaterlandiBche Qeaddchic 11 

Unlversiuls-Jiibiioibek 12 

Verein nordlieh der Elbe fur Verbiei'.Uiij^ AaturvviiiaenschafLLcher Kenntniss.. 4 

Klagsn furl, i^i'i^i rill. ) K. K Laudwirtbscbatls-GeBeUschaft 63 

inattubi:fitoascbes Musoum ^ 

Slamenburg, (Austria.) — Erd^^lyi Mnzenm Eprylet .1, 2 

Ktmigsbergt {Prussia,) — Ceutrnlstrl o der I.Hudvvirthsehaftlichen Veretnedes Bcgi^ 

rungs- Bezirks Konigsberg 33 

Ofltprenssische Physikaliseh-Okonomi/sche GeaellBdiaft 8 

Siernwa; tc ......... 2 

Universitats-JiibLothek 101 

Krakavu, {Austria.)— Q. K. Towarzjatwo Nankowe Krakowdue 16 

I'liuversyrat Krakowaki ...^ 3 

iSiciuwaitti 11 

Kremsmimi^tr, (Austria.) — StemwaTte 11 

Laibaeh, {Austna.) — Laudcs-Museum 1 

Jurietiscbc Geseiiscbaft - 13 
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I^W^/iu^— Uistorlscber Vereiiifilr Kiederbajora. 17 

Leipzig, (Sarony.) — Deatsche Morgrafindwelie Geialbekafl 88 

F. A. Brockham' Yerlag^sbuchhanJIun^ 6^ 

i^'unitUcb Jftbloaowski'ache Qd6eU»cbaf^. «... 6 

Kdniglicb Saduiflcht GeMlbdu^ derWitseiucb 60 

PolTtfchniscbo Gesrll.sclmft 5 

Hedoctiou der Doutacbe Laudwirtbe ...................................... 12 

Tnitbstutnmen AnsUlt « 8 

Unirersitatg-Bibliotbek 66 

Yoreln Ton Frennde der Erdkuade 4 

£ms» (dmtirio. )— I lundels- und Ckwwbvlninnier OberOstorreiehs « SS 

Mu'^f^n' 1 Francisco-CaroUnum 9 

LUheck, (Uanse-Toun.) — Maseum fur Kunst nud Niitnr "8 

LUntturg, (HauiM9er.) — Naturwissenscbaftlicber V<nt in 7 

LuacmAourg, {Lwe«mbmrg.)-^ocA&t6 dos Scipncfs Nnturellcs du Oriitul-Dnrlif' dc Lux- 

embuiirg 3 

Society pour la Rechercbe et la CoosMrratioii dm Monmimtta HistoriqnoB diuti 

1© Grand-Dttch6 do Luxembourg II 

Maimz, (Ilessia.) — Grmsbor/oglicb Haaaab»Kamroer J 

HuMiAdn*, (Ba<fen.)— ^tcriiwfirte 1 

Verein fiir Naturkunde.. 6 

Bhrburg, (Hessia.)— 4hme}\9chtih tar BettlAtmng Set gts&mmten NatnrwifsoittdMfteai 8 

UniTersitite-nnin .thi-k 140 

Mciuingen, {Saxe-Meiningen.) — Yercin fur Pomologie uod Garteubaa 8 

JTmMi^ (5axo»i/.)— NatorwiswiiscbalUiclM "luB*^ 4 

Merseburg, ( Pr»j(<iaO— T^nndwirtbscfaaftticherCentmUVftrein tar dieBrovim S>rih<gn 6 

Megeritz, — KOni^^liche lieatscbulo 1 

MUnektm^ (Munich,) (Bavaria.)— Bavarian Oomitineiit 5 

I?aiori<c]i<>n Gjirtcnl);m Go.sellscbiifl 3 

Kouifjiieh J'.iiicribcbe Akademie der Wisscnacbafton 80 

KonigUrh." Ifof- und Staats-Bibliothek ISO 

Landwirtbacbaftlicber Vt rein 33 

Poly tecliniucbor Vereiu 0 

Stennvai'to 7 

Jieissa. — K. Katholiscbo Gymnashim 7 

Philotnatbiscbe GosoUscbalt G 

Reiilsilmlo 9 

SeB'BrandMbtwgt {MeckUnbMrg.y—Vorein der I^eundc der Naturgescbicbte in Meek" 

lenburg 7 

Mrmierg, (Bavaria.) — Gemiaiiiscbca Hawani - 60 

Naturbiatoriscbe Q«8elb(cbafl 4 

Offenbach, ( //essia. )— Vaveixi filr Natorkmide 5 

(Jiosslii 1 / n-li !j Handels-Kammer I 

Oidenburgf {^(Jidenbttrg.) — Qroe«b«rzc«licbe Bibliotbek 1 

a^tnz^ lAu$trim,y^JL. K. Ober-Boakluile 0 

K. K. Gymnasium II 

UnifereUats-BibHothek 233 

Itravau, (Bavaria.) — Naturbistoriscber Verein 5 

Piukti-irlie Gartcnbau-Ges'olk in Biiiorn 12 

Pf^th, ( Au!itria.) — Kiralyi Alaj^yfir Tcniicszcttudomdnyi Tiirsulnt 10 

I'liivr^rsitats-Bibliotbek ............ 6 

Potsdam, ( Prussia. ) — Bntauislior Vcrcin fiir dio Provinz Brandenburg 11 

Frag, (Austriu. ) — Koniglich Bobmiscbe Gesellscbaft der Wiasenscbaften 22 

K. K. i':vtriotiseh«dkonoiiiiiehe QewllBchaft 16 

K. K. Scemwarto... 3 

Veiviu lur Gescbicbte der Dcutscheii in Bobmen 15 

Ftt$9bttrg, (Austria.) — Voroin fiir Naturkunde 6 

Jt^mtburg, (/{orari/t.)— liistorlscber Verein fur die Obcr-Pfolz 13 

K. Baieriscbe Apotbeker Verein 9 

K. Baicrisclio iioi.inischc (iosellscbaft... ........... 10 

ZoologiBcb-MineraloeitMiber Verein 10 

AmIoc/:, (il/eeft^eitftwrj'.y— Meeklenburgiscbe PAtriotisebor Verein 3 

Uuivcrsithts-lVbliotlxk S4 

Stdzburg, (AuMtria.) — Vaterlandiscbcs Museum CaroIino«Augu£teum 11 

fidwertn, (MeekUiw»rg'ScJw)erin.)-'-QromhBnog]iiAM BtfttistischeB Bnvean 17 

Vorein fur .Mockienburgiscbe Gescbicbte uad AltertbimiikapdB 10 

SUttin, (Prussia.)— Eutomologiscbcr Vereiu .................................... 10 

StuUgart ( iynrnemberg.)—Ge\\orhe'YeTmn 

K. Centralstelle fiir die Lrmdwirtbschuft 81 

K. Cnutralstelle far Gcwcrbe uud Handel 96 
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K. Offentlicho Biblioth. k - 3 

K. Stutistiscb-topo|5iii|ilii«cbo5 Bureau 9 

Mouatschritl fur PoinoIo^i<> uiid praktiHchcn Obstbaa. .... .... .... 11 

Vi roil) fur Vi.terljiud Xa'.urkuiii'.e in Wurttemberg 8 

Vtjiciu zur l ursorfro fill mtlxscen** Strargclungoni! 7 

WiirttenibtTf^i.schi )• A!rii:liunis-Ve!%Ul - 7 

WurtttMnbt'rpris( !iii Ar/tlicbcr Vereiu S 

Tiutrand, (Saxony. )- IvuruL'-Uch Sacbs. Aktidcniic fur Forst und Laiidwirthe 2 

Trieste, (Austria. )--ri\ ko .Mu^m, 1 \ . di iiando*MM8iiniliano 2 

Gttrtenbau-Upseiiscbaft dcs Litorulo 11 

K. K. Hydrogrupbiscbe-Anstalt und Marine-SterDwarte, (Director, Dr. Sdwib) 11 

SociotA Sciotuiiicu Lcttcmria dello Minorva .... 24 

Weimar, (&i2e>/feiiiMir.)-<-Geographi8ches Imtitut 12 

UTORsh^o^lielie Gymnasium 2 

"Witlicliii-Ki nst (Jymnasinm 9 

lyUn, (t'icnna,) (Austria.) — Ujdrojg^rapUiscbe Amtalt dcr Ka,\a. Osatex. Marine 2 

Kt^serl tcbe Akademift d«tT WisKemcbaften 840 

K. K. ('v ntiii!-Atis!aU fur Mnteorolo^'i.' u. Knl-Magnetiain 1 

K. K. Dircctiou doA Admiuistrutivcu Statlstik 4 

K. K. Geographlscbo Oesellacbaft 12 

K. K. Geolo^iHchi' Rc'ich'^anHtaU 24 

K. K. Huf-uud 6taat»druckcrci — ... — • 12 

K. K. Landwirthschaft-Gesollschaft 38 

K. K. ^Iurine-Obcr.Coimmaiido 3 

K. K. ►Stoinwarlo 42 

K. K. Zoolugisch-notanische GeseUschaft 20 

Osterr. luf,'euiour-Verein r>7 

Hedoctiou der Entomologischen Monatssphrift (j8 

liedactioD dor O.stenreicbiscben Zeitacbrift fur Berg-und Huttenkunde...... .. 1 

Redaction dor O frrr-o^c! iscben Zeitscbrift fur praktischp ITi ilknticlc 53 

Redaction der (>.>t uiul Wost 3 

I'niTorsitats-Bibliofbek 2 

IfUsbaden, (Nassau.) — Vcrein ftir Nn.-'saui.scbf fie scbubfc u. AltcrtbomBkunde 7 

Vercin fur >i\ut!rku(ido 15 

IFormSf (Hetse-Dermstaiit.) — Grossherz. Handels-KaaiDier 2 

imrzburg, (Bavaria.) — Ili.storiscbcr Verein von Unterfirankcn und Aschaffenbiirg. . . J 5 

Pbysikaliscb-Mediciniscbe Gcsellschaft 46 

Poljtocbniscbor Voroin 10 

Uuivorsitatd'Bibiiotbek S23 

Verein for Nassattiscbe Alterthnmskande nnd GeschichtefoiBchung 17 

SWITZERLAND. 

Aarau. — Aargaaischo Naturforschondo Gesellschoft 8 

J};iiwl.-^eseflscbaft fiit* yaterlandiacbe Alterthftmer 11 

NatuiTor^cbend ' GejcIIac-haft 6 

Univcr»ltat3-Bibiiothek 10 

BerK.-^AItgemeino Schweizerische Gesellsehaft fUr die geaammlem K«tvi^Mni* 

srliaftcni 12 

Cunsoil Federal Suiti^u 7 

Naturforachende GmoUsehaft 6 

Okononi'sclio Gc^ellscliaft dea KantoDB Bern..'' - 57 

Univ(r.sitat.s-Bibliutbck 52 

Civr. — Natarforschcnde Cresellscbaft GraUbiindens 9 

Gtnice — iDsMtiit National Gonerois • ... 3 

Societe Goncvoiso d'Utibtd I'ubllquo 7................. ...... ...... 6 

iSocictd de Geographic 3 

Boci<>t6 do Pbyniquo ct d'llistoiro Natarelle 5 

Lausanne. — Asile des Aveiigles do Lausanne 6 

Hecicto d'Histoirc do la Suisse Romande. 4 

Soci6t6 Vaudoiso dcs Sciences Naturelles 7 

Neuchatel. — Soci<5t6 des Sciences Naturelles 6 

St. Gallen — Naturwissimschafilicbo Geselbchaft 5 

ZUrUA. — ficolo Polyicchniquo Fcduralo 13 

Naturforschendo GeselUcbafi 7 

Universitats-Bibliothek 81 

BBLCIUM. 

m 

Anmr*t (iinrweiTr.)— >Soei^t6 do Phannaclo 7 

Soci6t6 Palaeontologiqno de Dolgtque 6 
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Bruxellcs, {Brussels.) — ^Acadcmie Kojalo des Sciences, des Lettres et des Beaux-Arts 

de Belgique 6S 

^^tablisscmcnt Gcocraphiqiie de Brnzdlee ............... ...... ............ 51 

Ob.servatoiro Royal . .................................................... 10 

S(icu;t'.: Hoyalo Linncenne de Broxelles 1 

Gnnd, ( Ghent. )— lluivi'vsitij • 6 

Li6ge. — Soi'ielc Uoyalo ties Si'iences 6 

Lomvaim. — Univcraitd Catholi'iui IGO 

Jl9M.— Soci6te des Sdencea, des Arts et dee LeOiee du Hainaat 1 

FRANCE. 

Iiistitnt den ProTinces de France 1 

Coui^ic-; .Silfutifique de France ft 

AOiteciUe. — iSoci6te Imp^iiaie d'Emulation 7 

Amiens. — Soci6t6 des AntiqaaireB de Picardie 5 

Amgefs. — Socict6 LinncVnnc^, du Dopartment de Muoe-et-Loire «... '.i 

Soci6t6 Acaticmiquo do MaiacH^t-Loire. . ... ...... ...... ............ .... IG 

BSzierSt (Hirault.) — Soci^t^ Arcb6ologiqae 4 

Borrfeaur.— Acad. Imp6ria!o des Scieiwes, BeUes-LetfcBW et Axis 20 

Acaduniic do Jiordeaux 1 

Chambro do Coaimcrco 90 

Society d'lIurticuKurc do la Girondf 9 

Societo doj Sciences Physiques 'et IS'atureilca 2 

Socicto Philomathiqtie de ibocdeaux IG 

S<ici6t6 Linndenne de Bordeaux 10 

Caen. — Academio des Sciences, Art ct Bclies-Lettrcs 7 

8ocidt6 des Antl(]^uaire3 des Normandie. ........................ ........... 5 

Soci6t^ Linn^enoe de Normandie 17 

Soci6t^ do Mddecine de Caen 2. 

Chambinj. — Socicto Imp. Acuddmiquo do S*voie 4 

ChdloM-sur-MarM. — Soci6i6 d' Agriculture, Commerce et Scienoes de la Ifanie 21 

CAoiniMMr^. — Soci4t6 Imp. des Selenora Natiurenes de Cherbonrg & 

l>ii«i.-— Acaddmio des Sciouoes, Arts ct Belles-Tvcttrc? do Dijou 3 

Soci^td d'Agricttlturo et a*Industrie Agricolo du D6purtmoat do la Cote d'Or.. 50 

D9mai,—Mm6nm d'ffistoire Hatarelle 6 

Dunkerqw. — Socidtt: Duakerquoise pour I'Encouragement des Sciences & 

Evretiz. — Societo Libro d'Agriculturo, Sciences, Arts et Belles-Lcttres de I'Euro-.... 2 

£« !!«««.— Soci6t6 d'A^iculture, Science et Arts de la Sarthe SO 

J^lfem, — Societo Imperialo do rA;j;riculruro, Ilistoiro Naturollo et Arts Utiles de Lyon. 5 

Aciidcaiie d(H 8L'ience«, Belles- 1. cttrtt.s et Arts de Lyon 9 

Socict6 Hydrom6triqxu! dt; Lyon , 3 

Mende. — Socu'-ti'' (iWixiicultui-', Indu.^iiie, Sciences ot Artsdu Departemeut de la Lozere GG 

Metz. — .Veadciinin Iiuperiale do Mttz G 

Soci^tu d'llidtuire Naturcllo du Departemeut de la Moflelle ............. .. 1 

Mioatpellier. — Societ6 Archeologlque de Montpellier 5 

Academie des Sciences et Lettres do MuutpoUier 13- 

■ Mulhottse. — Socieid Industricllo ...... .................. ...... ....... ...... 89* 

Haucjf. — Acad6mie de Staoislas 3S 

JViaief. — Academie dn Gard 2 

jPlsris. — Biblioth^quo Lnpdriato 1 

£cole Imp^riale des Mines 2& 

Institnt de France ^ 

iiisti'jit nistoriqucs do France ................................. . 53 

Miuiiili^u do la Uucrro-. ........................................... ...... 2^ 

Ministdre de la Marine et det Coloiiiee 6& 

Museum d'llistuiro Naturelle......... .................. ...... 4 

Observatoire Imp6rlal... ................................................ 23 

8oci6t6 d'Anthropologie 3 

8oci6t6 do Biologic B 

Societc de Geographie 17 

Soei6t6 Entomolo^iquo ". 11 

Societe Franiyaise do Statistiques Universelle, {Acad. Nat. Agr. Manufactur. et 

Commerciaie) 52 

8oci6t6 G6oIogi(|uc do France 30 

Societ^S Impdrialo et Ceutrale d'Horticulture de Paris 64 

8oci6t6 M6diculo Ilomoeopatbique — ......... 2 

Societo Met6orologiqao de Fnsoe 34 

Society Fbilomatique 4 

8oci<St6 Zoulugique d'AcdinuuMku 68 
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Itotun. — AcMcl^uiif (If x Sclonrrs, Tk-]]r;?-Lcttre8 et Arts do Rouen 6 

Saint'Qucniiu. — isocieto Atadeuiicjtio ties .Sciences, Art.s, Beiles-Lettres, et Agricultare S 

.^rasbourg. — Sociiito ties Sciences Naturelles tie Strasbourg ...Vw. 3 

Society Uc>< SciLi\ccs, Ajrriculturf < t Arts du Has-Ilhin 2 

Toulouse. — Acftdcinin dcs Sciences, Iu.scripLiuus et IieHcs-Li'tfre;-» de ToulouHe 7 

Society InijM'riale de Mcdeciue, Chirurgie ct Pliurmm ie de Toulouse 4 

Ta«r*.-'-Soci6t6 d'Afpricultare, doa Sciences, dcs Arts et des Belles-Lettrw 12 

ITALY. 

Bergamo. — Socictil Industriale llerganmsca 8 

Bologna. — Accadomia dollo Scicnzo dell* Islltuto di Bolopna 11 

Firenze, (Florence.) — Kcalo Mueeo di Fisica e Storia Naturnlo di Fircnae.« 5 

Genova^ (Genoa.)— Arch, per 1» Zoologia, rAoatomia c la Phvgiologia 3 

Jirt2«it«.— AsBOciaziouo Agricola Lomlmrdft di Corte dd Pulosio 34 

Ateneo di Scicnzo, Lt tdTo od Arti ,,,, 6 

Ospedalo Maggioro di Milauo « IS 

OaseryatoTio 7 

Imp. Rm^ Istituto LomlMrdo di Seienxet liettere od Ard 5 

8ociet&Geologica..... I 

8ocietl^ Italinna di 8c!eiu6 Natnrali 7 

Modena. — Society Ituliaiiiv dclla Scienzc 1 

Napolif {NapUs.) — ^Accadcmia degU AspirauU NatoraUsti 6 

Bealo Accad^ia delle Sciense e Belle Letters .> 5 

Sociota Iicf\I»' di Napoli 16 

Pudota, {Padua.) — Imperiule Kcgia Accademia di Scicnze, Lcttere cd Arti di Padova 4 

Fahrmo. — Accademia Palennitana di Sciense e Lctlero 4 

Rcale Oss<'rvntorio 1 

U. Istituto d'lucora|2:Kjt^"n^uto di Agricoltura, Arti e Mamialture iu Siciiia.... 1 

.Sucietii di Acclimaziuno c di A^ricoltura in 8icllia S3 

Roma. — Accvlnmiii, Pnntificla d( t Xiiovi Lincei 18 

Corrispondcnza ScionLiJica in KKina 17 

Qoverno Pontoficio 1 

Os.'vervatorro Apfmni^inico dt 1 (J(illc;;'io Konmno 74 

Siena. — Accadcmiu di 1 i.siociiiii i 1 

Torino, (Turiu.)— Accademia Kealo delle Scieiuse 2 

Uiline. — Aflsociaziono Ap^raria Friulana 43 

I'cnezia, {Fenice.) — I. K. Istitulo Veueto di Scicuxc, Lellcrc cd Ai"ti 56 

Mechitari.sten-CoUcj'iuni 1 

f«raiia. — ^Accademia d'AgricoUura, Commercio ed Arti di Verona 12 

■ PORTI'GAL. 

Liaboa, ^Li«ion. )—Acadeuua Beal das Sclencias 3 

OPMmtoiio do Infante D. Luis it 3 

SPAIN. 

Madrid. — Real Aeademia de Cleni^aa de Kaddd 19 

Ileal Aeademia do Cicncias MoraleB y Politicas 6 

Keal Aeademia de la Hlstoria .... 17 

Real Osservaterio 3 

3ltM Femawlo. — Ohscrvatoily Marino ...... 3 

Real Aeademia do Sua i'cruauJo 1 

GREAT DRITAIN AND IRIXAilD. 

^(A— Bath and Woat of Knglaod Agricultaral Society 4 

Betfati. — ^Natural Histovy and Philoeephical Society 9 

Berwick-on- Tweed. — Derwickshiro Nnturalists' Club. ....................... ...... 24 

Birmingham. — Institution of Meciiamcoi Engiuoors.... 3 

Cambridge. — Cumbridgo Free Library 7 

Cambridf^c Observatoij ,. .................. ............ 1 

University Library 1 

JDublin. — Dublin Unirorsity Zodlo^ical and Botanical AsBOdfttion 4 

Gcolo}xic;d Socifty of Dublin ...... ...... 6 

Natural History .Society of Dublin .*.... I 

Royal Dublin Society 21 

Royal Irish Acjidi iny 12 

Edinburgh. — Bannatyuc Club 3 

liutauical Society & 

Tvlbrary of Faculty of Advocates 1 

Mutcorological Society of Scotland - 16 

Royal College of Phyaidans , 1 

Digitized by Google 



BOHJLXIOXS TO THE LZBBAK7* 



97 



Royal Observatory . 1 

Sojal i'Lysic/il Society . 3 

Koyal Scottish Society of Arte.... ...... ...... ...... ...... ...... ...... .... % 

Hojal Society of Ediuburgh. ....p 15 

Society of Antiquaries of Scotland 5 

University Library 1 

Fdnuuth, — EUtjal Cornwall PolytechmcSocietj.......**.*... 3 

<?Zm/oio.— Unirenrfty Library ^ 

Geological Society 8 

Qnnwieh. — ^Royal Observatory S8 

Ktrntknglom. — South Kensingtoii Masenm 1 

AVif. — Observatory ............ 8 

Kilkenny. — Kilkouuy and Sontheast of Ireland Arclueological Societj * 83 

Kingston-upon-IIiUi. — Subscription Library 4 

Idtds. — Geological and P(>1yt(>ohnic Society of the West Biding of Yorkdlin.. ...... 5 

Leedn rhilosophical and Literary Society 88 

Ldcester. — Leicester Literary and PhiloaO|>]lical Society ; 8 

Limrpool. — Free Public Library, Museum, and Gallery of Art, of the Town of Liver- 
pool 3 

Geological Society 5 

Historic Society of Lancashire and Cheshire 3 

Literary and Philosopiucal Society ]5 

Liverpool Nataxaliflts' Field Clab 4 

Observatory 1 

Royal Lmtmitlon k.. 2 

Lmion. — Anthropo](>rr;r,'d Sod«^ H 

Board of Admiralty 522 

Board of Trade , 67 

British AssiH intl n for the AdTaacemoat of Sdeooft 5 

British Govemmoul. ........... ...... ........... ............ ............ 3 

British Hnsenm 198 

Cbemical Society of LondOQ...... ....•....>•.•..«•«•.-•••......-........ 50 

entomological Society.... .... .............. ............................ 88 

£ ihnolof^cal Society of London 8 

Geologist's Association 8 

Geological Society of London 87 

Great Seal Patent Office • 38 

Royal Ilnrfioultural Society of London GO 

Institute ot Actuaries of Great Britaiu uud Ireland ...... . 30 

Institution of Civil Engineers ...................m.......... 84 

Library of the Hon. the East India Company 1 

Library of Corporation of City of London................. 5 

Linnsean Society W 61 

London Institatioa, (Finsbaiy Circus). .... • 81 

London Library 1 

British Metcorolo^^ical Society .................... .... ................ .... 80 

Museam of Practical Geology..... 49 

Natimial Assodation for thaPkomolion of Soi^ Sdenoa 5 

Philological Society .............. ...................................... 8 

Photographic Society 67 

Boynl A^enHnral Sodety <^ England 8B 

Koyal Asiatic Society 11 

Boyal Aatrouomicai Society...... 40 

Boyal College of Sureeons of England 8 

B^al Geographical Society of London - 89 

Royal Institution of Great Britain..... •• 18 

Boyal Society of London ' 61 

Society of Antiquaries of London 26 

Society for the Eucouragement of Arts, Manufactures,, and Commerce.. 169 

Statistical Society of London 89 

Syro-Ep^yptian Society 1 

University College - 5 

Zoological Society of London..-. 84 

JMKele^^eU.— Macdesfield Society for Acqniring Useful Knowledge i 

JfejuAester.— Literary and Philosophical Societj of Manchester 4St 

Lancashire Independent College ...................... 1 

Manchester Free Library and Museum................. • 89 

JbiRM<tfe-Hj»oN-jIVne.'Literary and Philosophieal Sodety 1 

1>]iMideKaftiiiiliBts'ftoldCInb 14 



4 



Digitized by Google 



98 



DONATIONS TO THE LIBBABT. 



Noncich. — Korfulk and Nonvkh Museam.. ........................ 

Noifingham.'~Umt&l Lvnatie Asylum ...................... 

Q3C/br</.— T^iulleiau Library ...................... 

Oxturd Uuiversity (lutomologicamocictj .......... .............. 

Kadclifle Observatory 

P!yrnnui/i.- P!yiiu>utli In-.tltntkm and IXsr<ni Mid Cornwall Niittiril Stotory Society. 
a^i jurd. — Free Muhtjuui aud Library 

Town Council of Salfovd 

T<aunto», — ^Soimnetshixe Ardudological and Natnral Histoiy Societj. 



Athent, — Obaenratory 

TCRKET. 

Bclgrad, (Serbia.) — Drusktvo arbiike Siuvbi>suohtI (Society of Serbiau Literataie)... 

ASIA. 



Batacia. — Batavioaseh Qonootscliap van Kuasten en WeteoBchappen 



(ieographicul tSuciety ....... ............................................ 

Eoyal Asiiatic Society....... ...... ...... ...... ...... .. 

CtUcuUfl.—\<'rAl\r Society 

Aprririilturul aud Horticultural {Society of India 

Gcolos^icul Survey of India.......... 

Ceijlnn. — Asiuiu- So''!('»',- 

SJianghai. — Hoyal aIsiuuc Society of Ciiina, (North CLuia Braucli). ......... ...... 

AUSIKALIA. 

HubartoH, (Tasmania.) — Royal Society of Tasmania...... ...... ................ 

Melbourne. — Library of Parliament 

£jf<^iMy.— Entomological Society of New South Wales 



Santiago^ (ChLc.) — Miuistro de lubtiucciuu Publico. 
IJniveraidad de Chile ^ 



1 
6 
% 
1 
4 

3 
8 
1 



1 



Natuurkuudi^e Vereeniging m Nederlandach Indie .... 96 



2 
1 
1 

84 

8 



4 

2 



20 
S 
1 



AHEBICA.— (ezdnrive of British America.) 

HitiaiMf ( Cuba.)—'R^v\ Sociedad Economica de la Habana...... ...... 68 

Kingaton, (Jamaica.) — Royal Soi icty of Arts of .lainaifa 12 

Mezico, ( Mexico.) — Sociedad Mexicaua de Geograliu y Estadistica VSi 

Rio Janeiro, ( Brazil. )^Jxm6taU> Historieo, Ctoogeaphioo e Ethnographieo da Bnpeiio 

do Brazil 



24 
1 
80 



X/ut of individual.'^ of foreign coun tries from v:liom donations to the library iff 
the htstitution have been received during Uie years 1860-'64. 




Aider, J 

Afrardli, •I'l ot'. J. G 

As( li(T,>oii, l>r. P..... ...... ... 

Babba^ C . 

Bfldecker, J 

I5;u r, C. li 

Baker, C.... 

Baldamns, £ 

Barl>iich'ino, T. A 

iiai buija du Bocoge, J. V...... ..... 

Bartb, J. A 

B»-;lur<li, Ti 

I'cucdt'ii, P. .1. Vttu, .... 

lU'iitov, I'rof, T 

Brrlinp. K.'W ■ 

Bftra, Dr. E. de 

Bi;iucoiii, Dr. J.....,,,,,,.,.,..,. 

Blaechke, £ 



2 

H 
7 
7 
4 
1 

16 
2 
2 
3 
4 
5 
1 
1 
6 
9 
1 



15 
16 
1 

22 
2 



Bloekrode, Prof. S 

Blum, G 

BIytt. M. N.... 
Butirtdurtf, E. J 
Bootb, .1.. Son 

BotHt'kl, B 

Bourget« J...... 

Brehm, Dr. A. HI 
lirocklmtis, F. A..... .......w. 

Brown, Prof. U...*......*«..*^ 

Brnhns, Dr. CO •w;*^' 

Biicliner, Dr. 0.........«a*..^'.| 

Caliudri, Prof. U 

Candolle, A. de 

CaiK strini, Dr. J. 

Carlior, A 

Carpenter, Dr. P. P -^-^i—^rA*^*- 

Cama, Ptot J. V. :.:tf«* 4 
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List of individuals from whom donations to the library, S(C. — Continued. 



Name. 



Chauvean, Hon. P. J. O 

Cnzalis, Dr. F 

Chaix. P 

Channa, A 

Claparede, E 

Cooke, M. C 

Cornalia, Prof. 

Coniay, J. E 

Cotta, Dr. B. von 

Cox, G 

Daubre6, A 

Dfjardiu, A 

Dc!aney, E. M. J 

Delesfle 

Des Moulins, C 

Des Murs, O 

Dosnoyers, J 

Dohrn, Dr. C. A 

Donders, Prof 

Dove, Dr. H. W 

Drewsen, C 

Dufour, Prof. C 

Dumeril, A 

Eglinton, Earl of 

Einhom, T., Veit &. Co 

Enckc, Dr. J. F 

Eugelhardt, J. G 

Engolmann, W 

Essrben, Dr. C. von 

Favre, Prof. A 

Fischer, Dr. J. G 

Forschammer, Prof 

Fonmet, Prof. J 

Franenfeld, G 

Galle, Prof. 

Garcia y Ctibtis, A 

Gassies, J. H. t 

Gaudin, Prof. C. T 

Gehricke 

Gt'initz, Prof. H. B 

Goorpi, Dr. K. A 

Cterling, Dr 

Gever, K. A 

Git'bel, Dr. C 

Gistol, Dr. J 

Glass, R 

Gocppert, Dr. H. R 

Goth, Dr. G 

Grubner, G 

• Grunert, Dr. J. A 

Guerin-Meneville, Prof. F. E 

Guidi, L 

Gunning, Dr. J. W 

Gunninff, Dr. W. M 

Hapen, Dr. A. H 

Haidingcr, W 

Hamm, Dr. W 

Hartmann, Dr. C 

Haiiphton, Rov. S 

Hazlinsky, Prof. F 

Heidcr, Dr. 

Heis, Dr 

HeUer, Dr. E 




14 
2 
1 
3 
4 
4 
1 

11 
2 
1 
2 
1 
2 
2 

15 
1 
2 
8 
3 
6 
5 
2 
I 
2 
273 
2 

76 
1 
1 

16 
5 
3 

14 

2') 
2 
1 
3 
7 
1 
6 
3 
3 

II 
li:{ 

11 
2 
2 
1 

36 

37 

r>4 

1 

5 
o 

I 

41 
4 
47 

21 

'> 

27 
140 
1 



Hcrsch<»l, Sir J. 
Hfyiiomanii, E. 
Hil(Ii'l»run<l, Dr. 
Hill, C. J. D. 
Hinponau, Barnn von. 
Ilodgts, Dr. J. F. 
H«K*k 

Ht»lni})oe, C. A 

Ht»ruL',s, Dr. M 

Ilubiier, O 

Hul<.so, Dr 

J»u ger, Dr. G. F 

Jager, G. von 

Jnn, Prof 

JfitteU's, Prof. L. H 

Kaiiitz, Dr. L. F 

Kntoii'», D 

Kcfoi stein, Dr, \V 

Kirby, W. F 

Kir.xclibimm, Prof. C. F 

Kitllitz, J. H. von 

Kner, Dr. R 

Kmh, Prof. 

K«>kscbar««\v, N. von 

Ki.llikfr, Prof. A 

Kouiuck, Dr. L. de 

Knui.'<s, L)r. C. F. F 

Krt idc'l & Neiduer 

Knu gt r, A # 

Lfiiirrt', Dr. H 

La K'oquottp, Dc 

Lawe.s, .1. B,, and Dr. J. H. Gilbert. 

I^Rzar, Count Col 

Lcbarzik, Dr. F 

L. nk, Dr. A. C 

I^psins, Dr. K. R 

Leuckart, Prof 

Lcydig, Dr. F 

Lilj<'b<»rg, Prof. W 

Liudsav, Dr. W. L 

Li^^cb, L)r. G. E. F 

Lit trow, K. von 

Lobe, Dr. AV 

Loi w, Dir. II 

Lonibardini, Prof 

Macpfuiri', J. F 

iMailly, E 

Mallet, R 

Malm, A. W 

Marlins. Cb 

Martins, Dr. C. F. P 

Martins, Dr. E. von 

Masson, H 

Ma^son, V 

Meissner, Dr. G II 

Mesire, Don .Tos6 M 

Milne- Edwards, II 

Mittermaier, Dr. K 

Moesta, Dr. S. W 

Mobn, II 

Mobr, Dr. F 

Moiilagtie, Dr. C 

Morlot, A 
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IAH nf iniiiniuaU fiom whom donaHant to tke library, Sge* — Gontmtied. 




Morrison, IJi utonant li. J. 

JJotschul.^kv, V. de 

Murllcr, Dr. F 

Muln V, Dr. A 

MulIeV, Y 

Mnrr.'iy, A .•••..« 

N'n ijcriiiJivr, J 

NijliufV. M 

Omboni, i)r. U.......>... 

Orsolata, Dr. Q 

1 'apatiopoli, A . . . . ...... 

Papadupuli, N...... ...... 

Payne, Bishop 

\V. H 

I'env, A. 

Perthes, J. Boacher de 

!Vrfl,es. Jy 

IVif r.s, Dr. C. A. F 

Pptprs, Prof. W 

l'lieK;buH, P 

riaut 

Plsntamoar, Prof. E 

r.-iy, F- 

]'oLr;;<'ii(}<>rtV, J. C. 

r..uiilky. Dr. C. R 

I'owis, Plarl <if 

rnv.tcl, Dr. M. A. F 

I'r. yss. ])r. G 

rntiir>li<'!ni,*'.T. N 

rioli. Dr. (J 

(?tu t. ](.'t, Prof. L. A. J-..'. 

liadlkuter, Dr, 1. 

Ramsav. Prof. A. E....... 

Kan", ill" Prof, V 

RawliDsou, R 

Reinhardt, J 

Ivt'ii/.i, A 

Jtiichurdsou, tiir J 

Ritfervon Haner, P 

liubill, C 

KosauiH-HsIer, Prui. E. A... 
Roth, Prof. 

l?owi', J. (brooking 

fcsHbir, C. tie , 

Sandberppr, Prof. F. 

Surniit ntu, J.>itn...... .... 

^HUssure. Fl 110 

SchaetVrr. II , 

MinlVfToisc-li, F. G.. .. 

{^(•linrff, Dr. F 

Fv-liaufM> . W , 



Fclil»'clitt'Ti(lu!, Prof, vun.- 

BcLleicbe!, A 

Bchmid) Dr* £•£>..*....> 



...» 



1 

8 
1 

2 

31 
1 
3 
1 
2 
1 
1 
1 
2 
3 

11 
2 

« 

/.) 
1 

10 

2 
31 
13 
3 
1 
1 
1 

7 1 

H» 
<■) 

1 

r> 

2 
• J 
1 
1 

1 
1 
1 

1 

lOU 
2 

2 

i 
1 

3 
52 
24 
3 
(5 
22 
12 
2 
3 



Schmidt, Dr. J. P\ J............ 

SolionffM, Dr. E 

•Schriffder vau dcf Ko!k, Prof. 

Scliultz. Dra. C. H, aiid F 

Srr.m.-, G. P 

j&6CC-01| 

Sedlavzek. Lif>nteiiant E 

Si'^'niiz. ! ^- . f ■ - 

tei'iioiicr, Dr. A................. 

8iitytlh Rear-Adnnrd 

S(»iuieiikalb, Prof... 

iSpiller, P.... 

Stabile, Prof. Abb^ J 

Stariu^r, Dr. W. ('. H 

»Str(,"/kowski, J'rut...... .... 

§tfpnfitnip, J. J 

Storklmr.lt, ]'n>f. E 

&lup|><-laar. II. du. .............. 

Struck, (• ; 

Su('N<. Prof. 

Siiuder-Mahlfcr, A. U. K.. ....... 

I at. . G 

Ttavir 

Thai. II, T. U 

I hoiiisoii. (i. (J................. 

Tkala.-, Dr. K. von 

Toniay, Dr. C 

Tr!i\crs, .1- ............. 

Truhsch, Dr. v;mi 

'I'luvon, F 

1 h '. Dr. O 

Vallaidi. Dr. F 

Vur.,'. s, Dr. A. W 

V. ;i. r, Dr. P. (J. A 

Viiitt, A. &a B 

Virchow, R 

Vulpicclli, Plof.E 

Vurtiseh, Li...- 

Wadia, R. H 

AVa<]rn<'r, !{..,..,, .... .... .... .. 

W nlktjr, F 

Walton, C 

Wi-Wr, Dr. G i, 

Woi-rl, T. O 

Wr-inland, Dr. D. F 

Woishm li, ,J ......1 

\Vt ifo!i\v«-b«r. Dr. U.N... ...... 

Wfstwood, .1. <»..............., 

WlicNVfil, Dr. W. , 

Whist :iii<r, c. w 

Wolf, Dr. H 

Z. llor, Dr. P. C , 

Ziegk'f, J. M..... .... 

Znchold, A , 



1 
1 
1 
7 
1 
1 

■ i 

5 
45 

1 

3 

1 

3 

5 

1 

8 
44 

1 
3 

» 

1 
1 
4 

37 
1 

3 

1 

•>■> 

1 1 

1 
10 

2 

4 
48, 

< 

7 

1 

2 

J8 

I 

4 
15 

9 
13 
17 

3 

J . 
bO 

2 

1 

5 

5 
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LIST OF METBOBOlOaiCAL STATIONS MD OBSERVERS 

OF THB 

SMITHSONIAN INSTITUTION 

FOR THE TEAR 1864.* 



BRIIUB AMntlCA. 

AcHdia CoUepe 

BftkiT. J. C 

Ci.^r'itr. IjawTenc«», jr... 
lieittucy, Kdward U. J. 



Maf!Ti<?tlc ObMrvatoiy, 

Jlnni.x k. O 

Rankin, CioUn.. 



HBXICa 



LmzIo, CbarleR 

fitutoriai, Dr. CbarlM . 
Ntoto^MA 



Bloite, aN. 

WJiit«,WUIianT.. M-D. 



WBSTXSOin. 



ITiiltod State* Cotunl. 
Jalloi, Alexis A 



Rav.'iI Flnpin-tT-J, (in the 
kLoyai Ouzette.) 

CT 



Wolfville, N'ova Scotia 

Htanbridg^. Ca:i;iiia Kjwt 

Fort M lu Coni*-, S:tsk;it< li<'iviin 

Colouiul Huildlij^:, ^L. Joliu'ii, N%w- 

l'<Hiiiill;iinl. 
Turuiitii, {';mii(ln W««t. . 
St. Jiiliii, Ni w Itniiiswick . 
Hidiipicotoo, Canada Wert 



San Juan BantiMa. Tabues... 
Mirador, Vera Cms. .......... 

Cordov% Vwa Cms 



San Jo«6, Costa Biea.. 
Axpiuwall 



Tark't iBlAnd — 
Sombrero laloud . 



CttntnfllciMlBtatlom, StSMQwatift. 



Government Plantation T?u-<t> nlif"rp. 
colony of Sariuam, Datcb Quiaua. 



i 



o * 

45 06 
45 IW 



47 

43 39 
'47 56 



17 47 
19 IS 
U54 



954 
981 



3 00 
16 35 



■a 

o 



O / 

64 25 
73 00 



52 40 
7!> 21 
85 06 



92 36 
96 25 



84 06 



63 27 



Feet. 
95 



170 



0 
o 

e 

I 



A 

T 

T 

K, T. R. 



tliJ6 1 A 

n. T. R.. 

660 B. T 



40 
3,600 



3^772 



45 



A 

A 

B.T.A. 



T.B.. 
A..... 



A. 



* A tigniflcH Barometer, Tbenaoaieter* Ftyebfem- 
«ter, and Rain Chuigfl^ 
V rigniflM Barometer. 



P KldrnifleB Pnycbrometer. 
R Hi^ruiflcH Rain (Hage. 
N ■(gniflea no iDstrnmeiil. 
t Abore Lak« OotailOk 



5 41 



8 
12 
2 
S 

13 
7 
IS 



7 
10 
IS 



11 
6 



7 
3 
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METEOBOL'OGICAL OBSERYfiES* 



Lut of meteoroli^iedl ttation* and observers^ ifc* — Gontinned. 



BteMof obferrer. 



CAUTOBNIA. 



Hays, W. W., M. D ' 

Logan, riionia* M., H. D- 
raikiiij-oii, Duvfd F 

SiuitlJ, Mrs. M.D.., 



COLORADO. 

Luttrell, Jujui\-i 



ITnnt, Rvv. Diini.-l, . . 
,I(ilin,-ton. Prof, J<i>iu 

Li .1 vi-iiw<irth, I). ( ' . 
liockneli, Clitti'lotte. 
Y«oiiiaiu, Willtam H 



Hedfe% Urban D., ILD.. 

DISTRICT OP COLVHBIA. 

Smlthaonten InaUtotioa. .. 

FioniDA. 
DemUa, William 0. 

IDAHO. 



Golliiit,Col.'W.O. 

FlnAraek, J.H., M.D. 

ILUKOia. 



AiVMn^, W. }[ 

Alilrif:!). V'-rry 

]'.:i*>c(>ck, I- 

ISnlkm N. i:., .M. 1) 

IJ.iiiilrlict'. A<iol[iliu,s jr 
J'.ictirl, !, IV, ilrri< k, M. j ). 

1>; oi iki'j". Saijitn.'l 

]iyni(>, A I'lliur M 

l;u<ll' V, TiiiiutUy... 

r.ll-woith .1. 

(Jrii'it. ,l()t:M > 



Cniiir. M.-H Klli n i 

( i 1 it^i'i I,'" I y . 

l.nii;:^" ""''y' A- 1 • ■ ■ - 

l.U iiii^'stm!. I'rof. Wiliiaiii 

Mettd S. |{. .M. I). 

McTWin. -Mr-. Ilm^iy 11, . . 
?,T,>rr.s()n, ^V illuim il. . . . 

erf. C. n 

PUt lpJs K. 

Itlblet, J. II 

ScoTill, Homer W 

ToLuQSit, James W 



Tribto, Mn. Anna C. 



INDIAITA. 

ATii1i»rson. R«»nryn... 
Btirron[:hs, Ui-aben... 
Baci ucr, tj liar en O . . . 

BnttwflAld, W.W.... 



Monterey 

Ueadow Vall«y.. 
Santa Barbara... 
SBonuMato 
Pmldlo of San 
FrnijcitiCrt. 



Monlgoraery, 



County. 



Monterey 

Plamaa 

Santa Barbara 
SmramvotO-.. 
Sao FroDcisco 

piqinaB.,,.... 



I'aik. 



Pomfrrt Wnidliiim . . 

Mifl'llcsowu I Mi'ia). >. X 

l':yiii'>u;lL I l,:ti |.ri< :.i , .. 

Ni w n.ivi'U ' N< w Jla\cQ 



Culebl'uuk. . 

Colnmbla.. 



WaBhtngtoii< 



K<y Weat. 



Fort Lannafo. 
Fort UaUeek.. 



!"1i:i(ir(> 

'J"i>kii\va 

Mil. y 

Silltrlwictl 

Ilik^hlarid- 

r- "fiii ......... 

<JI::c:iKi) 

( lii'-MJ,""*) 

.lack^i'nvlJIe.-,. 
lloyitoa 

9i{anch«Rter 



l.iiclni>-ld.- 
ToUiind... 



Hew Castlo. 



Wasbington. 



Mooroo. 



PcTirin 

lilll rim . . . 
Mr!|> til V 
!)<• Ka l>' . 
M:i>i;..n„.. 
l'< ... 

(■'•Ilk . 
T'^.k 

.M-l-L'I'.Ll... 



=3 



a 



4(1 15 

34 ;i5 

^ 35 
37 48 

39 S6 



31) tNJ 



it 



1.". 

uy 40 

131 28 
1S3 22 

120 40 



41 .VJ 72 -^.'l 

-II -ID ;:! iili 

■11 If 7--.> ."k; 



42 00 
41 40 



39 47 



S8 53 



94 33 



43 10 



41 

■! J 1 1 



7.i u» 
7S 43 



75 33 



77 01 



81 SB 



1Q4 4: 



-1 1 



WashiugtOQ I ,»} 



\\\v/.A 

Kviiii^tMU 

siiurgf. 

Auuin^tiii. 

( ntiiwa 

Kvaitstua 

Clinton 

Wvanet 

P< kin 

KvauctoQ ,.. 

Winnebaso I>B'' 

pot. 

Uppor Alton..... 



Scott 

< umberland. 

Cook 

Knox 

IT.iiM'Ack . ... 

I. I Salle 

Cook 

Dc Witt 

BiircRQ , 

Tazewell.... 

Cook 

WinD«bago. . 



MadtsoD. 



Roekvflttf Parko 36 OO 

Bomb Bond fit. Joseph 41 39 

Vcvay : Swifrt'iluKl 4ft 

Indfaoapoli^ Mai,«>ii -t.-) 

* Above low-water mark at Qaincy, 



39 



4 ! 

r>T 
au 

33 

ml 
II,' 



4it 
-II 
4J 
40 
41 
40 
42 
42 



I') 

) 

09 
30 

(hi 
17 



39 00 



,-'1 ill) 
(-■^ :■;') 

.-D ii; 
S:> MM 
:<■) 

tjy CD 
90 34 

t7 



'.i' Oil 
17 

67 Jtl 

ea M 

&-9 45 
8i» 45 
87 38 
69 IS 

89 36 



87 0(1 
PS 71 
PI 51) 
80 20 



'5 
H 



¥tft. 

•11.) 

3, 71 -y 
41 



13,000 



40 



16 



4, 47:^ 



7rn) 

4«10 

(;!!•« 
1 1 

(j7u 



683 



L'l I') 

i'.il) 



570 
900 



1, ia<) 



i 

S 

s 



T. P R . 
T. 1».R. 
B.T.K. 
A, 

A... 



B.T.B. 



T., 



A.... 

A.... 

'1\... 

11. r. 

T,... 
T..- 



A. 



T., 
T., 



R 

T 

T. It. . . . 

I . K.... 

II. T. P . 
A 



i' 

)V T.... 
T. K.... 
T.ii.... 



X... ; 
n. T. 
A.. . 



r. p. w 

T. 11 

fi. r 

i;. r 

T, Y< 

RT.R.. 

B.T.Si. 



T.R.. 

T. H. . 
T. It.. 



C T3 



10 

"'9 

a 

7 



13 
13 
5 
4 

19 

li 

■ ; 

' '> 

■ ■ 'J 



0 

12 
1-2 

3 
1-2 
12 

1 
12 
10 

12 

12 
1 
12 
12 
U 
3 
1 



8 

IK » 

■lir.- 



1 

12 
3 
3 
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List of meteorological stations and observers, Sfc. — Continued. 



Namo of obsorrer. 



INDIANA — Contlnuod. 

Cbappcllnnitb, John 

C^UiOH, Kev. Samaol 

Crozier, Dr. E. 8 

"Dvsnon. Williain 

Orimt, John 

Bobba, William Henry . . . 
Lonsfaridgi'. J. II., M. I>. 

Marbew, Royal 

Bedding, Thomas B 

Bice, B. J 

IOWA, i 

Brigi^fi, Rev. E. L 

Chamberlain, John 

Collin, l*rof. Alonzo 

Dcf-ring. I). S 

Dorweller, Philip 

Doyle. L. H 

Farnsiworth, P. J., M.D.. 

Foster, 8acl 

Horr. A«a, M. D 

3IcConnel. Townscnd 

McCoy, Franklin. M. D. \ 
McCoy. MisH Elizabeth. . J 

McCnady, Daniel 

Mead, Chaiinci'V 

Parvin, Prof. Theodore S 

Stt'bblnn, Richard 

Steed, F 

Townsend, Nathan 

Walton, Jotdah P 

WbentCHi, Alex. Camp 

KANSAS. 

BeckwHb. W 

Dr. w, F. P., M. D.. U.S.A. 

Fuller, Arthur N 

DcQii»on. Henry L 

Boole, W. I* G 

KE.NTUCKT. 

Caldwell. 11.H 

'Yoang, Mtb. Lawrence.. 

MAI.VK. 

Bnckctt, Geo. Emenion. . . 

tNMia. Wm. D 

<%rdin?r, Rt;v. Frederick . 

GuptilU G. W 

Moore, AwiP. 

Oagood, Henry H. 

Parker. J. D 

Pitman, Edirin ^ 

Pitman. Mark 

West. SiliiH 

Wilbur, livujamin F 



UARYLANJ). 

MIm Harriott M.. 
Dntton. Prof. J. Riinsi'll. 
Giilingham, Wurriut'to^ .. 
Goodman, William U... 
Lowndes, Benjamin O-- 
StepbcnMon, Biev. Jamei.. 
T«bb, PhUip 



Station. 



New Harmony. . 

Miiilirton 

New Albany.... 

8pict'liiud 

Peniiville 

Klooiniugdale. .. 

RcnsNi'lfUT 

ludiHiiiipolia 

Ni-wi'Uhilo 

Muucio 



Mount rioa.sant.. 

Davenport 

Mount Vernon. .. 

IndepeiuU'Hce 

Ctutteuburg 

Waterloo 

LyouH 

MuHcatino 

Dubii(|ne 

Pleoitaut Plain. .. 

Algonu 

Fort Madison 

Monticello 

lown City 

Oiiowft 

Waterloo 

lown Fulls 

Mu>ic:itiiin 

ludepeudeuce.. . . 



County. 



Poney . 

JclTerHon . 

Floyd 

Henry 

J»y 

Parke 

Jasper — 

Marion 

Hfiiry 

Delaware. 



Henry 

Seott 

Linn 

Bnehutian . . . 

CI "3" ton 

Black Hawk. 

Clinton 

Mnvoatlno . .. 

Dubanue 

JelTcTHou 

KosBUth 



Lee 

Jones 

Johnson 

Monona 

Biatk Hawk. 

llartliu 

Muscat liio . . . 
Uuchiiaau- 



Johnson . 



Olntha 

Fort Hi ley 

Lawreuco ' Douglas. 

Manhattan RiUy 

Lawrence Douglas. 



Danville.. 
Lotiidvlllu 



Bel fast 

North Perry 

Oardiner 

Coruiisbville 

Lidbon 

BlueliiU 

Steuben 

Sebec 

Ia'» 

Foxcroft 

Coruich. 

West Water ville. 



Sykefvlllc 

ChoPtcrtown 

Union Bridge 

Aunapolis 

Bladengburg. 

St. luiproc^ 

Ellicott's Mills. . 



Boylo 

JeH'erson. 



Waldo 

Washington .. 

Kennebec 

York 

Androscoggin. 

lluni.'ock 

WaHhington . . 
Pi.soatu.|ui.<t.-. 

Penobscot 

PlHoatuquis. .. 

York 

Kennebec .... 



a 



o 
'A 



o t 

3?< 0 -2 

41 3(1 
31) 4» 



39 To 

39 

40 13 



41 on 

41 30 
4 -' 00 
4-J 30 



4'-' 
41 
41 
4i» 
41 



30 

no 

30 
07 



43 01 

40 37 
4'J 13 

41 37 
4 ..! 00 
4-2 30 
4 -2 3 2 

41 i.'.") 

42 29 



38 50 
.f.) 00 
3H 58 
3'J 13 
38 58 



38 07 



44 23 

45 00 
44 41 

43 40 
41 00 

44 25 
44 44 



45 12 
43 40 



Carroll 39 23 

Kent I 39 12 

Carroll ; 

A n ue A rundel . . . j :i8 50 
I'rince George's.. 3d 57 

St. .Mary's 38 10 

Howard ' 



s 

■a 

a 
o 



P7 50 
40 
85 29 
K) 18 
t5 00 
87 00 



01 3fl 

90 40 

91 00 

92 16 



92 31 
!K) 10 
«»2 00 

90 52 
94 54 

«l 04 
-1 28 

91 13 



% 11 

92 31 

93 20 
92 (r2 
91 50 



04 43 

96 30 
95 13 
9« 43 
95 13 



85 24 



fiO 08 
G7 Ofi 
(19 4(> 
70 44 
70 04 
08 :(4 
07 50 



fiO 13 
70 44 



7C 57 
75 59 



7C 29 
7«; .'i8 
76 41 



to 
'S 
X 



a 

S 
a 



Feet, 

320 

1,025 



►150 



8H 00 G9S 
t<5 27 1, 000 
85 20 



737 
850 



401 



cm 

950 



A 

B. T. R 
B. T. P 
B. T. R 

T 

N 

T.R... 
T. R. . . 
B. T... 
B. T. R 



T.R... 

A 

T 

T 

T.R... 

T. U 

T. R... 

N 

A 

T. R. . . 



1,500 , T.R, 



880 
621 



- V 

c > 



582 



l,.30O 
970 

1,000 
U70 



570 



lOO 
90 

e{)o 

130 
50 
50 



784 



T. R 

i T.R..-. 

I A , 

' B. T 

T. R.... 

T.R,... 

A 

T.R,... 



T.,.. 
T.R. 
R.. . . 
T. XL 
R.... 

B.... 
A.... 



T. R... 

A 

B. T. R 
T. U. . . 
T. R... 
T. R. . . 

A 

T 

T 

B, T. . . 
B. T. R 
T.lt... 



700 



20 
112 
45 



T.P.R. 

A 

B. r»R. 

A 

T. It . . . 

A 

T 



' Height aboro Wabash river. 
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MEXiiOiiOLOGiCAl, OBSEiiV .biiS^ 



Lut of meteorological stations arid observers^ Sfc, — Coatinaed« 



Name of obMrrer. 



MASSACHV8KTT8. 

Avtn ■n'.!i:ical 01i = iTV;l(r>ry. 
Barruwa, AL I> 

Caldtvell. JohnH | 

I);iv >. lif V. K >u 

l),'\v!iiu>t. r.i'V. 

t'juinn Ji.hr: 

;Mvrvi;;iii, Arll;ur ,M 

AI..'lrn;t', J.i!iii( m:"., >f. D. 
Pi-.'!i;i><i. 1 Ifurv C, .M 1). 
Hm,1i,,.i^i. S;t;i.n-'l 

Snell, Prof. E. 8 

Tappsot Engeue 



Station. 



MCHIOAV. 

Ellis, F.,ln ;n, M. D 

Kedzie, Prof. R.C 

Map«s. Henry H 

Sireng, L.R 

Vnn OrAcn, WilBam, jr . 
W - l^^. J.imv* A-..,..,., 
\Vu 1l>1< y, Slitifi'loreaeeE. 
Woodw^aS 



C'(:« Tn-y. AVil1i>im . . . 

< Ji nvc, Miiry A 

K'ls^'trc, W'lJuiin . . 
r.lU'l ^">l, Kt-v. A. B.. 

(;U;iricK 

i>iuiili. Hrur^ !• 

WJ«l«od, C 



':r.i].Htir]j 

Nrvvlai rv 

WtMti-l'l 

Ualdvr'iu-vilii-. 
l,iavr>'nc>^ 

'r.>()^tii.']ii 

Mi'adoii 

\\'i.rL'i-f1.jr.,.. 

N i w I 'h < lford . 

Atubernt 

WwtOeanlf.. 



(^firlick... 
Lunging . . 

HoUiinil.. 

CliftOD... 

Poutiuc... 
MonroA... 



Comity* 



H<Tks«h:re.. . 
Har-ioiabl". . 



K--, X 

H-lUlpllrll. . . 

\V'jrc> »M»r. . 

V.^M-X ...... 

y.r^fiX 

WiTcttjiter.. 

Brimol 

Hampshlro . 
Baniitable.. 



5 

s 



O f 

41 4^ 



5 

c 

c 



73 13 
70 30 



•a 
an 



OntnnagoQ ..... 

loghtUB 

Kulumuzoo 

Ottawa 

K«w«Miaw 

OMklaad 

MOOTM....... 

WjMbtenaw 



D.I) 



MississiprL 

XcCary, Robert 

MISSOUBI. 

Caldwell. J. T 

Clnistiuu, John.- 
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liiti ijf meteorological etatione and observers, Sfc, — Continued. 
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Liit of meteorological stations and^ observers, 4^^.— Continued. 
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LUt mHeorohgieal statumt and chttrven, 4^.*— 0<mtiiMied. 
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Deaths qf abttrvers. 

John H. Lnncnmnn, S. J., St. Louis, Missouri, 1864. 
David Bttckiand, Brandon, Yenno&t^ Julj 19, 1864. 



CoU^^ and otlicr instiiu^ons from which meteorological registers received 
during the year 1864, included m the preceding list. 



Canada 

Connecticut 




[Rhode lel 

^1 



enoessee 

rmont ...p..... 

nstn .n,* 

........ 




Acrtdifi Cnllof^e 

Miig'iujtic Ohhi^rvatorj....... 

W»',sk"yftn I'nivcr.sity.. 

Loiiibanl Univtrsity 

University of CUicago 

Coiiu'll C'(»lIt'{ro...,. .... 

Gri.swokl Cniler^o 

Towft State LTiiiversitj 

W i-i ; ij^ton College - 

Anilierst College 

Slate Lunatic Hospital 

William.s' Colk'go 

Estate Agricuitural Coiiege 

St. Lonis Univereity 

Institution tor Deaf and Dumb. 

Era«mas iiaU Academy 

St. Francis Xavier*8 Cullrgo. .. 

UiiivtT!?ity of Kocheater 

Farmers' College 

Otterbein Uniyersiij 

Urbfiiia Univeri^ity 

WooUvvartl Hi^h School., 
Willami'tte Ihiivfrsity.. ....... 

Central High School ........ .. 

Jed'erson Collof^o.... 

Brown University 

Sk'wart Collog'e 

University ol' Vermont 

lieloit Colle<je 

Wisconsin Uniyersity 



Wolfvillo. 

'I'oroDto. 

Mi(l(l]«'town« 

(JaleKhurg*. 

Chicago. 

Blount Wmon* 

Davenport. 

low.i (Mfy. 

ChesfiTtuwn, 

Amherst. 

Wnrrester. 

AVilliainstown, 

St. Louis. 

New York, 
Fiatbuab. 
New York. 

Koche^^tir. 
College HiiU 
Weaterville. 

Urijana 

Cineiunati. 

Saieiii. 

riiilaih-lphia. 

Cunnoiislnirg, 

]*rovi(k'ii(e. 

Clarksvillo. 

liurlingtuiu 

Bekiit. 

Madison. 
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M£X£OBOLOQICiLL CONTfilBDXIONS. 



MBTBOaOLOGICAL MATERIAL CONTRlBLi ED IN ADDITION TO THB BUipLAK 

OB8SRVATION8. 

Aargauische NatmforscJiendc GestUschqfl. — ^Witteruugs beobaciitimgen in 
Aarau, (Switzerland,) 1864. 
Bailey, F, J* — See Hencfael. 
BafTowt, N., M.Dj-^-^anmaxj^i^iMStyti&im^ 

for the year 1S64. 

Barrows, Starrs. — Summarj of observations at South Trenton, New l ork, 
for the year 18G4. Reported by Sturrs Barrows, for the Treutoa Union Agri- 
ealtttraiSoeiety. 

Barthtt, Ertutiu B^Smnmary of obserratioBS at Palenno, New Y<A foe 

the year 1864, and a comparison with the preceding eleven yeara. 

ChoKC, Pliny Earle. — On the Principal Causes of Barometric Fluctuations. 
By riiiiy Earle Chase, M. A., S. P. A.' S. (From the Proceedings of tlie 
American Philosophical Society.) 8 vc, 8 pp. 

Barometric IndicationB of a Resisting ^thcr. By Pliny Earle Cluue. From 
the American Journal of Science and Arts, for September, 1804. 8 vo., 8 pp. 

Connolly, H. — Observations taken at Fort Nascopic, Esq^oimanz bay, dia- 
trict of Labrador, from Novcmbor 1, 1863, to June 30, 1864. 

Cookt Eugene B. — Rcjport of Eugene B. Cook, meteorologist of the New 
Tork Skating Club, for the aeaaon 1863-64*. Pamphlet, 30 pp. 

Darrcll, Judge John Harvey. — Extracts from the Meteorological Report of 
Observations taken at the Centre Sij^nal Station of Bermuda, in 1860, 1861, 
1862, 1863, 1864. Copied from the Royal Gazette. 

Extracts from Register kept at the Royal Engineer Meteorological Observa- 
tory at St George's, Bermuda, ia 1860, 1861,' 186S. 

BxtraetB from the Register of the qoanti^ of rain &Uea at Ireland Island, 
Bermuda, in 1860, 1861, 1862, 1863. 

[The above were ftinushed to supply deficiencies in the Smithsonian Record.] 

Chart of Bcumuda, nhowing the position of the meteorological stations. 

Dreutz er, O , E. — See State Department. 

Gitm, WSUam, United Statee Vice Gmtul. — Somroaryof barometrical and 
theomometrical observations, and amount of rain, at Fort de France, Martiniqiie^ 
during each month from July, 1863, to June, 1864, indnslTe* 

Goddard, C. TTl— Sec State Dopartuieut. 

Herschel, Alexander S, — On the detonating meteor of December 5, 1863, 
By Alexander 8. Herschel, esq.; commonicated bjr F> J« Bailey, esq. Bead 
before the Liverpool literary and Philosophic Society, 8th Pebnuiy, 1864ii 
8 TO,, 8 pp. 

Hf/dr, G. A. — Summary of observations for the year 1864, at Cleveland, 
Ohio, and a comparison with the preceding eight years. 

Ingahbct GrenvUle M. — Observations at South Hartford, Washington county, 
New York, fbr the years 1860, 1861, 1862, with fonimary of Tnaxima, min- 
ima, arid means. 

Ires, Wdliam. — ^lonthly and annual summary of oTi^errations, kept for the 
Young Men'H Association at Buffalo, New York, during the year 1864. 

Kit^ston, G. T., M. — Mean meteorological results at Toronto, Canada, 
for the year 1864, compared with the averages of a series years, by G. T* 
Kingston, M. A., director of the Provincial Magnetic Ob.servatory. 

Lapham, I. A., LL. D. — A table showing the monthly mean temperature 
of the open air in the shade, at Milwaukee, Wisconsin, from 1S37 to 1864, as 
observed by C. J. Lyndc, esq., E. S. Marsh, M. D., Charles Wiukler, M. D., 
and I. A. Lapham, LL. D. Compiled by Dr. Lapham witli great care irom 
manuscripts in his possession 



Digitized by Google 



' HBTEOBOLOGICAL CONTBIBnTIONS. 109 

■ 



Map of Wisconsin, with lines showing the lemarkshle sffeet of I^e Michi- 
gaxi» in elevatiii^r tlie mean tempcr.itnrc of January and d^ressing that of Jnljr. 

By I. A. Lapham, LL. D., Milwaukee, Winconsiu. 

Lewis, James, M. D. — Hourly record of temperature at Mohawk, New York, 
during the year 1864, kept by his metallie sslf'reooidiqg thennometer; also 
Bpecimens c« a le^stcr kept by his self-reeording barometer. 

Liogan, Thomas M., M. D. — Contributions to the physics, hygiene, and 
thermology of tho Sacramento river. California. By Thomas "M Logant M. 
J). (From the Pacific Medical aud Surgical Journal.) 8vo., b pp. 

Abstract of observations during the year 1864, at Sacramento, California. 

XmuU, CK X — See Lapham. 

Marsh, JB. S. — See Lapham. 

MarsJi., R/jsweU. — Summary of ob;?ervation3 at Steubenville, Ohio, from 
1831 to 18G3, giving the means for each mouth in every yf*"vr, the means for 
the seasonB of each year, and the annual means for the wiiole series. 

Morns, Prof. Oran H^.— Biagran» of temperatnre and haiometer for erery 
day in the year 1863; also, diagram of the monthly quantity of lain in 1860» 
1861, 1862, and 1863, at New York. 

Murdoch, G. — Uinta on nif t(>orology, with summaries of observations made 
at St. John, New BruuawLck, between the years 1850 and 1862, the latter 
included. By G. Murdock, superintendent of water works, St. John. 8vo. 
34 pp. 

NaturwissenschafUich^: GeselUchaft ** lirt*."'— Znstamenstelltmg der Monats- 
nnd Jaliref5DTittnl aus den zu Meif'F'en, (Saxony,) 1664» angestelltai taglich 
dreimaligan mrieorologisclien beobachtungen. 

Newton, II. A. — The original accounts of the displays in former times of the 
November star-shower; together with a determination of the length of its 
eyelet its annual period, and theprobable orbit of tho group of bodies around 
the sun. By H. A. Newton. Brom the American Jonnial of Science, May 
and July, 1864. 8vo., 24 pp. 

Abstract of a memoir on shooting-stars, read before the National Academy 
of Sciences, August 6, 1864. From the American Journal of Science tot . 
March, 1865. Sto., 16 pp. 

Paine, H. M., M, J},--^miaDL9xj of ohserrotions for the year 1864, at 
Clinton, New York. 

Phelps, W. E. — Sec State Department. 

SoMger, Henry, (United Stated coudul at Paramaribo.) — Daily means of 
meteorological elements, at the Georgetown observatory, British Guiana, South 
America, for Decembci , 1 ^G3 ; published in the Royal Gazette. 

State Dejmrtment, Washington. — "Meteorological observations, at Constanti- 
nople, from October, 1862, to September, 1863. By 0. W. Goddard, coaeui 
general at Couatantj^oplc. 

Daily telegraphic reports of llio weather in Tarious places in Europe, com- 
municated to the Central Physical Observatory, St.|*etersbiug, Ilussia, for the 
year ending September 30, 1864. Translated and compiled from the daily 
issues of the St. Petersburg Vedomost, by WUiiam Edwin Phelps, Uniteid 
States consul, St. Petersburg. 

Meteorological review for the year 1864, from observations at the Lipro^ 
hospital of Longeguafd, at the city of Bergen, Norway, reduced by O. £. 
Dreutzcr, United States consul, Bergen. 

Societe. Mctcorologiqus de JVaace^—Annnaire de la Soci4ttf Meteorologique 
de France, ISGi. 

thoitzerla-nd. Consul General of, at Washington. — Observations at various 
points in Switzerland, in Becemlter, 1863, and January, February, March, and . 
April, 1864. Each month about 60 pages quarto. 
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Trask, Dr. John B. — A register of the orthquakeB in Oalifomia from UlOO 

to 18G3. Pamphlet, 8 vo., 26 pp. 

Trembleyt J. B., M. D. — Syuopsia of observations for the year 1864f at 
Toledo* Ohio, and a comparison with the preceding four years. 

TtfUr, 4. TTeffM^lowU-Observations firom Joly 26 to Oetolber 13, 1864» 
taken on board the echooner Nellj Baker, on m pleasore Toyage firom Booten 
to the coast of Labrador. 

Wadsworth, George. — Mean tcmpcratnre at Iliram, Maine, from 1831 to 
1864, inclusive ; aUo, the amount of snowr that fell during the same period. 
The reootd kept hy General Peleg Wadsworth ; reductioDB made by George 
Wa l V, trth, civil engineer. 

Whitehead, W. A. — Summary of observationa at Newark, New Jeney, fiw 
the year 1864. and a comparison wiih the previous twenty years. 

Williams, Frof. M. G. — Summan^ of observations at Urbana, Ohio, for the 
year 1864* contamiiu; the means and extremes of barometer and thermometer, 
for each month and ror the year, together with the monthly amount of lain 
and doudinesB, and force iinl direction of the wind. 

W?nnpj»'ssfog€e Lake Coftx/n and Woollen Manufacturing Chmpany. — ^Depth 
of rain and melted snow collected in the rain-^iuge kept by thi' compfiny at 
the outlet of Lake Wiuuepis&iogec, in the town of Lacouia, New iiampiiliire ; 
also, depth of rain and melted bqow collected^ hi the gauge at Lake YiUun, 
New Hampahire, about four mUes aouth, on the flame stream of water, for uk% 
year 1864. 

Zeigler, C. — Summaiy of observations for the year 1864, at Du Quoin, Perry 
county, lUinois. 

CQ|]feiiaia».---Be8uItB firam meteorological olieervadonB made at the Boyal Ob- 
servatoiy, Cape of Grood Hope* from January 1, 1842, to January 1, 1863, 
and a notice «P the observationB made Ykj Ia GaQia hi l7fiI-'$2. 16 pp. folia 
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REPORT OF THE EXECDIiVE COMMllIEE. 



Tbe Ezeeutiva Committee zeapectfolly submit to the Board of Regents the 
Ibllowin^^ 1 i ^ort of the xeeeiptB and ezpenditareB of the Smithsonka lostitutioa 
during the year 1864 : 

BBOBIPTS. 

T^e whole amount of Smitli!?on*s boquefit deposited in the treasury 



of the United States is Sri 15,169( from which an annual income 

of 6 per cent, is derived of $30, 910 14 

The extra fund of uuexpeuded iacoioe it) iuvcsted aa follows, viz ; 

$7$i000 in Indiana 6 per cent bonds, yielding in 1864 3, 750 00 

#53,500 hi ^'irginia 6 per cent, bonds, yielding in 1864 

^12,000 in Tennessee G per cent, bonds, yicMing in 1864 

$oOO in Georgia 6 per cent, bonds, yielding in 1864 .« 

$100 in Washington 6 per cent bonds, yielding in 1864 .... 6 00 



34,666 14 

Balance in haada of tieasnxer, Jannaiy, 1864. and mteieet doe 



ficomgOTermiMiit 32,353 90 

67,020 04 

IW building, fbndtnrQp and fiztarea $d,GS0 77 

For general cxpe&flea. 14, 071 50 

For publications, researches, and lectures II, 907 48 



For library* mofleom* and gallery of art 8,936 21 

— 37,535 96 

TMw* bk treasoiy and due from government Jannary, 1865 $39, 484 08 



STATEMENT IN DETAIL OP THE EXPENDITURES OF 1SG4. 



BUILDIKO. 

Building, incidentals $1,066 32 

Furniture and fixtures in general ....••..••«.... 804 45 

Fomiture and fixtures for museum. • 750 00 

$2,620 77 

«fi«SBAL BXPBKSES. 

Meetings of the "Borird ; 131 50 

Lighting and li« at iij^- 1,816 3G 

Postage 408 38 

Tnmaportaition, genexal * 868 09 

Exchigee 2,753 76 

Stationery 502 77 

Geoeiol printing 157 76 
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Apparatus 102 74 

Laboratoiy 160 78 

InddentaiB, genenl 631 36 

Extra clerk-hire 099 00 

Salariefl, Secretary 3| 500 00 « 

Salaries, chief clerk» bookkeeper, measenger, and 

laborers 2,439 00 

' 14,071 ^0 

PUBLICA.TI0K8, BTa 

SmitbsoDian CoDtributioiifl 2» 224 57 

Smithsonian Reports 547 00 

Smithsouiau Misccllaucuuii CoUectiooa 6, 449 06 

Other pubUeatioiis 210 00 

Heteorology ; 1»339 15 

Ref^earches 125 00 

Lectures 1,012 70 

11,907 48 

Cost of books and Ijinding I, 953 67 

Assistants in library 1,291 66 

Transportation for library 200 00 

Museum, salary of Assistant Secretaij 2, 000 00 

HnseniD, assistants 1, 096 66 

Museum, transportadon 400 00 

MuBoum, incidentals 1,080 31 

Explorations •«•••.;.••• 797 76 

Gaiiery ot art 116 25 

8,936 21 



Total expenditoxe $37,635 96 



From the foregoing it will be seen that the whole income during the year 

1S64 was $34,666 14, and that the expenditures during the same period wen 
837,535 96, exhibiting for the ^rst fhne, in the account of the current opeiV 
tions, an excess of the latter over the t'ormer of $2,869 82. 

Accoidiug to the stalemeut of the Secretary, the cautse of this excess of the 
expenditure was the constant Inetease in prices of all the artidee naed in the 
operations of the Institution, partienlarly in printing and paper, and the poz^ 
chase of golcf to defray the expense of the foreign agencies. 

To meet contingencies of this kind, however, us well as to carry on all the 
operations for cash, there had been accumulated in the hands of the treusorer at 
the beginning of the year ^e sum of $32,353 90. The nnezpended balance, 
therefore, now 'ta the Lands of the treasurer is $29,484 08. 

The appropriation by Congress for the preservation of the collections of the 
exploring and surveying expedition? of the United States has been expend<>fl 
nf? lieretofore, uiulcr the direction of the Secretary of the Interior, in assisting to 
pay the expenses of extra assistants in the museum, and the cost of arranging 
and preserving the specimenB. The articles intrasted to the eare of the Insti- 
tution by government are in good condition, and the distribution of the duplicate 
specimens bc'longing to ^^overnment, as well as thoBC of the Institution, hM been 

industriously prosecuted (luring the year. 

From the examination made by the committee it appears that the affairs of 
the Institution are in a prosperous condition; that all the operations have hm 
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continued with unabated energy ; that notMnthstnnding the depreciation of the 
value of the income, the expenditures have but little exceeded the curront^re- 
ccipts, and that proyision had been made even far this contingency hy the pre* 
vioujj accumulations in iho hands of the treasurer. 

The Executive Committee are informed by the Secretary that the remainder 
of the legacy of SnithBon, amounting to aboat $<26,OOOr has been received in 
com» and deposited with the Treasurer of the United States. 

In conclu.'^ion, it nriy ho statnrl that the wliole amonnt of the Smithsonian 
fund, including the original legacy and the additions which have since been 
made to it, together with the balance in the hands) of the treasurer, and the State 
stocks estimated at their present market valae, amounts to about 9690,000. 

The committee agree with the Secretary in opinion that, as far as po8Bible» the 
active operations of the Institution should be continued, and the curtailments 
rendered neeeH-^firy by the depreciation of the currency be made in expenditures 
for those objects which can mo3t readily be postponed. For the year 1865 the 
same estimates are submitted as those for 1864, with such diminution as the 
Secretary may deem it advisable to make. 

The committee have carefully examine 1 the accounts of the Institution and 
the books as posted by Mr. Baadolph for the past year, and find them to ba 
correct. 

BespectfuUy submitted. 

BIOHABD WALLACE, Chairman. 

February, 1865. 
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JOUILNAL OF PROCEEDINGS 

OP 

THE BOARD OF REGENTS. 



"Washixgto.v, January 9, ISG.*). 

A special meeting of the Board of Regents was held this day at 7^ o'clock 
p> ID* in the hall of the Institution. Present : Hon. 11. Hamlin, Hon. S. P- 
Ohase, Hon. L. Trumbull, Hon. G Davis, Hon. S. S. Cox, Hou. J. W. Patter- 
son, Professor L. Agassiz, and the Secretary, Professor Henry. 

Mr. Hamliu was called to the chair. 

The Secretary stated that this meeting had been called in accordance with 
a provision of the law of Congress authorizing a meeting at any time, at the 
request of three members of the Board. That the objects of this meeting were — 

First. To announce officially the death of Chief Justice Taney and General 
Totten, both members of the Board from the beginning of the Institution, and 
wbo had ever evinced a lively interest in its prosperity, and had faithfully die- 
eharged their duties as guardians of the trust. 

Second. To elect a Ohancellor or President of the Board in place of Ohief 
Justice Taney. 

Third. To consider tbe disposition to be made of the remainder of the legacy 
of Smithson, which was now deposited with Messrs. Peabody & Co., of London^ 
subject to the order of the Institution ; and, 

Four^, To consider the report of ihe -committee appointed at the last sessioa 
of tho Board, relative to the snggestions of Professor Agassis as to the separate 
maintenance of the museum, &c. 

On motion of Mr. Cox, it was resolved that the proper expression of sympathy 
be tendered to the families of the Regents whose deaths have be^ announced, 
tad that provision be made for tbe preparation of an account of their lives and 
labors for the annual report to Oongress. 

On motion of Mr. Cox, Chief Justice Salmon P. Chase was unanimously 
elected Chancellor of the Institution. 

On motion of Mr. Chase, the Secretary was instructed to draw the money now 
in England, and to deposit it with the Treasurer of the United States. 

Professor Agassis, as chairman of the special committee, appointed at the 
meeting held March 15, 1864, to report suggestions for extending the active 
operations of the Institution, and for the separate maintenance of the collections, 
at the expense of the govenunsnt, submitted a report.* 

* Th[8 report was lost in the fire, and the absence of Professor Agassis from the ooimtty 
has rendered it impossible to obtain aoothor copy in tune for insertion in this jouinal. 



Digitized by Google 



pkocjljcdings pF 'mh^ boamd of reqjunts. 



115 



Tbc opiuiou vva3 expressed hy several members of the Board that the views 
of Piolt ssor Agassiz were highly important, anfl believed to be such as were 
entL'rtaincd generally by the scientific men of the country, but in con^ideiMtion 
of the finaucial condition of the govertunentf the prestut lime waa not £»vorable 
for action in regard to them. 

On motion of Mr. Truml)ull, the conj*idoration of the subject was postponed 
to the annual session to held in .January, 186G. 

The Secretary stated that the question had arisen at a previous meeting of 
the Board as to whether the interest on the Smithsonian fund, permanently in 
the treasury of the United States, ought not to be paid in coin, in common with 
the interest on other trust funds in charge of the government; that he had 
addressed a letter to the Secretary of the Treasury on this subject, but on 
account of the large demands on the gnvemmeat for the proseeation of the war, 
he had not pressed a decision of the queBiion. 

On motion of Mr. Chase, it was 

Resolved, That the F^ecrotary b(; in^trneted to renew the application to the 
Treasury Department, In behalf of the Board, for the payment of the interest 
in coin. 

The meeting then adjourned. 



WASlJixnTOX, January 19, 1865. 

In accordance with a resolution of the Board of Kegcnts of the Smithsonian 
Institution, fixing the time of In ginning of their animal sc-jsiou on the third 
Wednesday of January in each year, a meeting was called for this day. 

No quorum being present, and the Secretary having stated that the book- 
keeper hnvl not yet been able to make up the anniiAl accoant8» the Board 
adjonmedr to meet at the call of the Secretoiy. 



Washington* January 28, 1865. 

A meeting of the Board of BegeiitB was held at 3 o'clock p. m. in the cast 
wing of the Smithsonian huilding. Present: Hon. S. P. Chasefllon. II. llam- 
Im, Hon. L. Tramhnll, Hon. J. W. Patterson, Hon. B. Wallach, Mr, Seaton, 
treasurer, and Professor Henry, Secretary. 

The Chancellor, Chief Justice Chase, took the chair. 

The Secretary stated that the principal object of this mccJ iug was to ollk ially 
inform the Regents that, on the afternoon of Tuesday, January 24, a fire In ol^c 
out in the roof of the main building of the Smithsonian Institution, which de- 
stroyed the principal part of the contents of the rooms in the upper story of the 
building and the ndjuiuin^ towers. The loss, however, diii not include the largo 
library, the museum, with the government collecdonrf ;:i.(l tliose of the Institu- 
tion, the duplicate specimens intended for distribution, and iho nn t( oiological 
record.^. The accident would not, therefore, materially affect the esscuiial opera- 
tions of the Institution, which u'ould be continued a.i usual. 



Digitized by Google 



116 



PBOCBEDINGS OF THE BOABD OF BEQEMTS* 



The Secretary stated that, immediately nftt r the occurrence of the accident, 
ke Lad applied to the Secretary of War, Mr. Stanton, for aid in constnictin;^ a 
temporary roof to protect the building and its contents from the weather. The 
Secretary t f War expre|aed bia Mrilliogness to grant this, provided the Presi- 
. dent gave his sanction, and the ezpc^nse should be refunded to the department. 
The latter was promised on the part of the Tn<'titution by the Secretary, after 
conenltation with the Cli.mccllor. The Prc.si(]( nt readily gave his consent to 
\hv ])rnposition, and General llucker, of the Quartermaster's l>epartQienti 
furnished the materials, and detailed a large force of carpenters and laborers, 
QD(]( r the direction of Mr. E. Clark, to erect a tempomry roof, which t\- ui 1 be 
sufficient to protect the building from stormSi and would not interfere with the 
construction of a permanent covering. 
At the suggestion of the Ohancellort it was 

Retofved, That the measures which had been taken hy the Seeretoiy be 

approved. I 

Mr. Patterson informed the Board that the House of ^pre&eutatives had * ' 
adopted, on the motion of Hon. Mr. Bice> a resolntidn directing the Committee 
on Public Buildings and Grounds to inquire into the origin of the fire, the ap> ' 
proximate loss to the goyemment and private persons, the means necessary to 
preserve the remaining portions, &c. 

The Chancellor remarked that it would be proper that a joint committee 
»hould be appointed, to be composed of members of the Senate, of the House of 
Bepresentatives, and of this Board, to take the whole silbject into consideration. 

In anticipation of this, howerer, it was thought advisable that a spee!al<com- 
• mittee should be appointed to report directly to the Board; and, on motion of 
Mr, Wallach, it was 

- • Retolvedf That a committee be appointed to inquire into the origin of the fire, 
to ascertain the extent and character of the loss sustained, and to make sogges- 
tioTi«< ns to what measures should be adopted for the repair and improTement of 

the lyllilding. 

The Chancellor appointed the mover of the reaoiution Mr, Wallach, and the 
Secretfiry, as the committee. 

The lio.-ird havuig examined the building, a(\journed, to meet on Thursday 
bvcaing at 7j[ o'clock p. m. 



Washington, Fdtntary 2, 1865. 

A meeting of the Board of Begents of the Smithsonian Institution was held 
at 8 o'clock p. m. at the residence of one of the Begents, Hon. B. Wallach, 
Mayor of Washington. Present : Hon. H. TTaihIw, Hon. Bavis, Hon. J. 
W. Patterson, Hon. S. S. Cox, Hon. B. Wallach, and the Secretary, Ph>fessor 
Ilenry, and, by invitation, Hon. J. H. Bice, chairman of the Committee on 
Public Buildings of the House of Bepres^ntatives. 

Mr Hamlin was called to the chair. 
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Tho minutes of the meetings held on the 9th» 19th, and 2Sth of Jaaaary 
were read and approved. 

Mr. WaUachpiesmtr (1 the report of the Execatire CSommittee for the jear 1864, 
irhich was read and adopted. 

The Secretary stated that, in accordance with tho inttractions of the Board* 
he had renewed the inquiry to the Swretary of the Treasury whetlicr the interest 
of the Smithsonian fund ought not to be paid in coin or its equivalent, but had 
not yet received a replj, H having been referred to the Solicitor of the Treasury 
for a opmion. 

On motkHi of Mr. Davis, it wta 

ReHiivei, That if the Secretary of the Institution should ascertain tint tin- t 
lo^^al opinion of the Solicitor won! fl hr^ a lverse to the application, thit h ■ should 
rec£ueBi the Secretary of the Treasury to submit the question to Congres;} for 
its action. 

Professor lleiiry presented ihe !|iiestion as to the disposition (jf the residuary 

legacy of Smithson which had been receded from Kngland, and was now on 

deposit with the Treasurer of the United States, 

motion of Mr. Patterson, it was 

liesolvedt That the Secretary be instructed to invest the uioiiey now on de- 
posit with the Treasurer of the United States, derived from the residuaiy legacy 
of James Smithson, in United States bonds bening 7^^ per cent interest. 

Mr. Wallach presented the following report from the special committee ap- 

jpointed at the last meeting to inquire into the origin of the fire, &&, which was 

read and adopted : 

KEPORT OF THE SPEC I AT. COMMITTEE OF THE BOAKD OF REGENTS OP 
THE SMITHSONL^ DiSTlTUTlON BELATIVE TO THE FIEE. 

The special committee appointed by the Board at its meeting on J;r.uiary 28, 
1865, to inquire into th<! orij^in of the tire at the Smithsonian Institution, to 
ascertain the extent and eliaracter of the loss s'lstrdned, and to make su^j-s^es- 
tions as to what measures should be adopted for the repair and improvement 
of the building, respectfully report that they have performed the duty assigned 
them, 80 £ur as the time and thdr means of information would permit* 

I.— ^HB ORIGIN OP TBB PIBB. 

The testimony has been taken of all persons connected with the establish- 
ment that had any knowledge of the occurrence, and a written account of the 
whole is herewith eubmitted ; also a report from Colonel B. S. Alexander, United 
States army, who snprrintenderl the tire-proofing:^ of tho main building, of his 
examination of tlie Hues couuected with tlie accident. 

It is evident, from the ooncnrrent testimony thus obtained, that the fire com- 
menced i:i southwest part of the roof of the main building in the wood- 
"work iiuiuedi;it( ly under the slate covering, and that it was kindled by tho 
heated air or sparks from a 8tov<^ which had been temporarily placed in the 
room immediately below. The pi^e of this stove had been inserted, by mistake, 
into a Iniek fmrring-spaca resimiblm^ a flue, which opened under the rafters in> 
stead of into the chimney flue, within a few inches of tho latter. By whom 
the hole ink) which tho pipe was inserted was originally made is not known, 
but it is remembered that a stove-pipe was pnt into ii as far back as 1S54, at tLo 
time of the exhibiiion held by the Alechauics' institute in the building. 2vo 
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fire, howcvor, K:k1 been in thh room for ten yofir? previous to Monday, 15tli 
Jnnniry, a\ lien the mechaiiiat and carpont r ( f tlie Institution were engaged, 
with bcverui other of the cmployua, in rearraiighi^ the pictures of the gallery, 
tbo weather at the t!mo being unnsiially cold. These persons, for temporary 
convenience, act up the stove above mciitioiK d, intending to remove it as soon 
as their task was fiiiislird. A coal fire, kindled with ^vo<y^, had b'xu Ijiiming 
in this Ptove for eight days previous to the conflagration, vet it ajtpi'ars from the 
testimony that no evideucc of combustiou waa observed by a person who passed 
through the loft fiiz hours before the breaking out of the flamcB. It is probable, 
howeyer, that the wood had been undergoing a process of charring for seyeial 
days. 

Oil Recount of the very expensive style of architecture selected for the build- 
inc, and the limited means at the command of tlie Board, the plan hnd been at 
111 st adopted of finishing the interior of the whole edifice with wood and plaster, 
A large portion, however, of the interior woodworlc of tho niain building, after 
the roof and exterior had been finished, gave way and fell; whereupon tlie Re- 
gents nrdoicd tlio romovnl of tho woodwork and if. 3 place to be supplied with 
incombustible materials. Thu-^ the ra iiu buildinj^ waj< rondered fire-proof, with 
tlie exception of the supports of the roof, which being covered with slate was 
assumed to he safe. The only danger of tho occurrence of fire was supposed 
to exist in the two wings and the to\^ crs, and to guard against this contingent^ 
especial precautions were constantly observed, vi/ : 1. No smoking was al- 
lowed in any part of the building at any time. 2. No lights were allowed to 
be cfirried from one part of the building to another except in lanterns. 3. 
Three coils of large hose were deposited, ready for use, one in tho upper story 
and the other two on the first floor of the buOding ; and there were water-pipes 
in the basement with faucets. 4. Barrels and buckets, kept constantly filled 
with water, were placed at different point.s of the building'. 5. Tlie rule was 
observed of cleaning the flno3 every autinnn before the commencement of fires, 
G. A watchman waa emph>ycd each night, who made every hour the rounds of 
all the rooms in the building, giving special attention to those ui which fire had 
been kindled during the day, including the apartments occupied by the fiunily 
of the Secretary. 

These precautions, however, as it has proved, were insufiicient — the iirc hav- 
ing occurred at a point where no danger was apprehended, and to which access 
could with difficulty be obtained. 

II.— THB CUARAGTttR AND BXTfiNT OP THB LOSS SUSTAINED. 

The loss to tho Institution was as follows: 

1. The contents of the Secretary's office, consisting of the official, scientific and 
miscellaneous eonespoDde&ce, embracing 35,000 pages of copied letters which 
had been sent, at least 30,000 of which were tlic composition of the Secretary, 

and 50,000 pages of letters received by the Institution. Here, moreover, were 
lost the receipts for publications and specimens ; reports on variou 5 subjects 
which have been referred to the Institution; the records ol' experiments 
instituted by the Secretary for the government; ibur manuscripts of original 
uiTCBtigations, which had been adopted by the Institution for publication; 
the mannf?crij)t material of the report of the Secretary for 18G1 ; a large number 
of pajieir^ and pcienlific notes of tho Secretary ; a .series of diaries and memo- 
randum book:^, and a duplicate set of aa:ount books, prepared during tho last 
twelve years, with great labor, by Mr. lUiees, the chief clerk; also, about one 
hundred volumes of valuable works kept at hand tot constant refbreace. 

2. In tho apparatus room, the large collection of scientific instraaients, in- 
iduding the donation of the late Dr. Uare. 
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3. A part of the contctitf of tlio R'-jj^cnts' room, including the pocsOQal effects 
of bmitbson, with the eiceptioa of his portrait aud library. 

4. The contents of the rooms in the towers, iaclndin^ the meteorological 
uiBtmments, the workshop, couuining a lathe and a large immherof valuable 
tools, nearly nil the stock on hand of the duplicate copiea of the annual reports, 
and many other public docnment? and books intended for diatribution to libra- 
ries, as well as a quantity of stationery, hardware, &c. 

5. The wood-cuta of the illostrations contained in the Smithsonian publi- 
cations. 

The loss to other parlies was as followis : 

Ist. The contents of what was called the Picture Gallery, viz : a. Ahont two 
hundred portraits, nearly all of life painfed and princij) illy owiifil by ^Ir. 

J. M. Stanley, formerly of thid city, and now of Detroit, Michigan, aud which 
were on deposit in the institation. h, A number of half-size Indian portraits, 
painted by Mr. King for the government, c A copy, in Carrera marble, of the 
antique statue known as the " Dying Gladiator," by John Gott, and owned by 
Mr. J. C. McGuirc, ofllilij city. 

2. A number of surveying iustrumenta belonging to the government. 

3. The clothing, books, and private effects of several of the persons conucctod 
with the Institation, and of those engaged in scientific studies. 

4. The library removed from Beaufort, S >uth Carolina, by the army, and 
also that of Bishop Johns, from F.iirf^tx TliLolo^'ie il Sominiry, given in charge 
to the Institution by the Secretary of War for sate-kecping, .which libraries were 
stored in an upper room iu the south tower. 

Independent of in jury to the btulding, the loss to the Instttntion, as far ns it 
may be estimated and can be restored by money, may be stated at about S 20,000, 
and to inaividuals SeCOOO, viz: To Mr. J. M. Sbinloy, S20,000; Mr. J. 0. 
McGuire, S 1 ,000 ; Professor .]o^i^\Ai lleury, 6 l.;30a ; Mr. W. J, Bhees, $1,200 j 
Mr. W. DcBeust, $1,300 J aud all otlicra, $1,000. 

Although the lose which the Institution and individuals have sustained is 
-mnch to be regretted, yet it is a source of consolation that by far the greater 
part of the valuable contents of the building have escaped without injury. The 
valuable library of the Institution, tlic most extensive, in regard to the transac- 
tions of learned societies and acientiiic books, in this country ; the museum, in- 
cluding tlie collection of the exploring expedition and those of the Institution j 
the large stock of many thousand duplicate specinwns for distribution to all 
parts of the world; the records of the museam; a large portion of the corre- 
spondence relative to natural history ; nearly all the records of meteorological 
observations which have been accumulated during the last hi'teeu year.s ; the 
sets of Smithsuuian publications (except the annual reports) which have been 
reserved to supply new institutions, and the Btereotvpe plates of all the works 
which have been published during the last four or five year.-*, have been saved. 
All the original vouchers of the payments made by the Institution, the ledger 
in which they were ported, and the daybook from 185S, were also preserved, 
having been deposited in a sate in the llegeuts' room. The contents of the con- 
necting range between the library and the museum are uninjured ; this include* 
a emea of plaster casts and portraits of distinguished men, among the latter a 
life-size poi'trait of Guizot, by Healy ; an original foll-leogth figure of Wash- 
ington, by the elder Peale; and also a valuable series of rare engravings illus* 
trativc of the history of tlie art, purchased from th". Hon. (leorge P. Mar.«h. 

All the important acta of the Kcgeata from the begiuaiug, and au accouuL of 
the operations of the Institution, having been published from year to year in the 
several reports to Oon^M ess, a continued record of the history of the establish* 
ment from the beginnin;^ is, therefore, still in existence. As those reports have 
been widely distributed, they are generally accessihle to tin; public. 

The boruiug of the roof of the building can scarcely in itself be considered 
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a calamity, since it probably would have occurred at some future time when a 
much I.irg^er accumulation of vnlunble articles mij^ht have beon (lo^itroyed, and 
Biiice the arruugeuient of the buildiug chu now be iiuprovud, aud^he repairs 
made with fire-pioof materioite. The fireoproofing, as far as it was eairied, was 
well done, and it is to this eifcamstance that the preserratioa of the most yda- 
able objects of the eBtablishment is dae. 

III. — SUOQESTIOXS AS TO WHAT SHOULD BB DONB. 

There can be no hesitation in adopting the conclusion that steps should be 
immediately taken not only to repak the injury, but to improve the condition of 
the bafldlng. 

1. The main edifice should be provided with a metaJIic roof. 

2. For the wooden conical terminatbDS of the towecs shoold be substituted 

metallic coveriugs. 

3. All valuable articles belonging to the Institution or deposited in it, including 
the library, should be placed in the main building, which should be cat off from 
the wings by iron doors. 

4. Provision should be made for a thorough heating of the whole building hj 

steam or hot water. 

5. Suggestions should be requested from competent architects and engineers 
as to the work to be done, and those which are adopted should be embodied in 
working plans and drawings. 

6. A building committee of the Board should be appomted to have charge of 

the work. 

No very exact et^timate can as yet be made as to tlic cost of the repairs, Sec, 
for it hati not been possible, without treeting a scalTulding, to determine whether 
it will be necessaTy to take down the high nordiem tower. Colonel Alexander, 
of the engineer corps, howevei-, b.-is mformed the committee that he thinks 
^100,000 will be required to make the necessary repairs and improvements. • 

The committee cannot conclude without adding that, in their opinion, the 
occurrence of the fire ought not to be allowed to interfere with the active ope- 
rations of the Institution, on which essentsally depends the reputation it has 
established throughout the world, and its efficiency as an instrument for the 
increase and diffusion of knowledge among men." To the support and exten- 
sion of these 0])er:itio!i3, therefore, the annual interest from the original fund 
should, as far as possible, continue as heretofore to be consdentioodly applied. 
Bespectfuily submitted : 

BICHABD WALLAGU, 
JOSEPH HENRY. 

Special Committee, 

Washington, February> 1865. 

The question was then discusBed as to the mcasnres to be taken for procuring 

the means for the repair and improvement of the building; and the llegents 
present connected wiili Uongress, as well as lion. Mr. llicc, expressed the 
opinion that it was probable an appropriation would be made by Congress for 
the purpose, without opposition. 
On motion of Mr. Cox, it was 

Resolved, That the Seci'etaiy prepare a statement of the amount necessary to 
reconstruct the building ; the legislation necessary to place the residaary legacy 
of Smithson, with the original amount, permanently in the treasury of the 
United States; and the action requisite to secure the payment of the interest on 
the fund in coin, to be furnished to the joint committee of Congress which has 
been appointed with reference to the Smithsonian Institution. 
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Oa modaa of Mr. Wallaclit th« feUowing reeoliitloiis were ajlopted: 

Retdhedt That tli6 thanks of the Board of Regents are hereby tendered to 
all who assisted in aaj wa^ in endeavoriDg to save the property of the Smith- 
Bonian Institntion, or to extugnish the fire which lately destroyed a part of its 

building^. 

Resolved, That the thanks of the Board of Regents arc hereby tendered to 
Hon. E. M. Stanton, Secretaiy of War, General W. S. Huacock, General C. C. 
Augur, (Jeneral A. B. Dyer, General Backer, Colonel B. 8. Alexander, Colonel 
Giles, and othoa conneclod with the military department of goyemmentt for 
servicos rendered in envin;^ the property, or in faoilitiea granted for it? protection. 

Resolved, Thut the thanks of the Board are hereby tcnidiTf d to the military 
and civil fire departmeuta, and to Mr. E. S. Smith, superintendent of llarnden 
Express Company, A, G. Bichards, Chief of Police, Messrs. J. B. Elvans, J. 
Farrel, ^I. Titiany, G» Gibbs, and many others who rendered Tslnable seryiees 
at the time of the fire. 

The Board then adjourned, to meet at the call of the Secretaiy. 



Wedxesday, March 1, 1S65. 

A meeting of the Board of Regents of the Smithsonian Institutioii wai Leld 
this day in the room of the Senate Committ(.'0 ou Public Buihlings and Grounds, 
at the United States Capitol, at 10 o'clock u. m. Present : Hon. L. Trnmliull, 
Hon. G. Davin, Hun. S. S.'Cox, Hon. J. W. Patterson, Hon. K. Wallach, and 
the Secretary, Professor Henry. 

The minutes of tlie last meeting were read and approved. 

In the absence of the Chancellor, Mr. Trumbull was called to the chair. 

The Secretary announced the election of General Richard Delaficld, United 
States army, by joint rcsolutiou of the United States Senate and House of 
Representatives, as a Regent for tlio term of six years, to fill the vacancy occa- 
sioned by the death of General Totten. 

The Secretary stated that intelligence had recently been received of the sud- 
den death of the Hon. William L. Dayton, one of the Regents, whih? repre- 
senting our government in France; that, although Mr. Day too had not been 
able to be present at liw. meetings of the Board, he had rendered good services 
to the Institution by attention to its interests abroad. 

Ou motion of Mr. Cox, it was 

Resolved, That the Hon. .1. W. PatUnson be requested to prepare a eulogy 
on Mr. Dayton^ that Hon. Henry Winter Davis be requested to prepare a 
eulogy on Chief Justice Taney ; and Professor Henry one on Gtenersl Totten, 
to be presented at tibe next meeting of the Board. 

The Secretary mentioned the death of 3Ir. John Varden, for many years the 
eorator of the government museum while it was in the Patent Office, and who, 
sinoe its removsl to the Institution, had assisted in the care of the specimens. 
He was a very worthy <ntiaen, and faithfiilly discharged his duties in connexion 
with this establidnnent. 

The Secretary also stated that one of the employes, John Connor, who had 
been connected with the Institution for upwards of fifteen years, died euddeuly 



« 



Digitized by Gopgle 



122 PROCEEDINGS OF THE BOABD OF BEQENXS 

last MniuiK-r, leaving a family of daughters in a dcstitiue condition; that he had 
given tlif widow permission to Bell articles of rcfresbmcnt, exclusive of intox- 
icating; liquors, to the visitors of the mubeum, and that he thought, in considera- 
tion of the long and faitliful service of the deceased* the expenses of bis fuDeral 
should be paid from the SmithBonian fund. 
On motion of Mr. Wallacb, it was 

Resoh ed, That the Secretary be authorized to pay the funeral expenses of 
John Counor. 

On motion of 31 r. Patterson, the vacancy in the Executive Committee wad 
filled by the election of General Delafield. 
Ou motion of Mr. Tnimbull, it was 

Resolved, That the annual salary of the Secretary of the Institution be in- 
creased one thousand dollars, that of the Assistant Secretary five hundred dol- 
lars* and of tbd Chief Clerk three hundred and fifty dollars, and that the said 
increase take effect from the let of January, 1865. 

The Secretary stated what measnres had been taken in regard to the preaer- 
yation of the Smithsonian building, and that Mr. A. Class, architect, had been 
employed to prepare plans and estimatee. 

On motion of Mr. Cox, it was 

Resolved, That the whole subject of the repairs and reconstniction of the 
building, and the disposal of the stocks held by the Ijistitntion, be intrusted to 
the Chancellor, Secretary, and the Execative Committee. 

The Board then adjonmed tine die, 

0 
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The object of this appendix is to illustrate the operatioDS of the Instittitioti 

by reports of lectures and extracts from corrcspoiideuce, as well as to famish 
infomiatioa oi a chatacter salted eepeciallj to the meteorological observers aad 
other persona interested in the promotion of knowledge. 
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n JOSIPH FOmUERi PERPETITAL tBCBZTABT OP THE FftENCH ACADEHT OF SCIXIIC88- 



TRAVSI^TXD FOR THE smittisoniak INSTlTrTTO.s n A. AULumn. 



To have acqiiited, from his early yotttb, a iamfliar knowledge of the great 
vorks of antiquity, and of the languages and literature of modem times; to 
have dedicated himself to the stnrly of the heavens, and identifK d liis namo 
with an enterprise of wide reiiowu and eminent utility ; to have written with 
ability the history oi aiicieut science, as well as of the most recent discoveries ; 
and widi these proofs of roental superiority to have united the nohlest qualities 
of the heart — in these sentenoes may be summed up tbo entire life of the dis- 
tinguished man wlio«e charactrr and lahors I propose to retrace. Few will fail, 
in the traits thus given, to rccognizo Delambre, or to feel in the review a re- 
newal of the regrets occasioned by his recent loss. 

Belambre was bom at Amiens, the ISth of September, 1749. The abb^ 
Ddille, a distinguished professor of letters in the college of that city, soon re- 
cognized in his youthful pupil a union of the gentlest manners with surprising 
power? of raemor}' and an early familiarity with the ancient languages. In 
developing theBe first f,'ernis of talent and ta^^t«', thu abbd succeeded in inspiring 
a pustiion lor continued and unrcmitLiug application, the indispensable prere^ui- 
Bite of all permanent success. A firiendship was thus cemented between these 
two cfllebrated individuals which continued to the end, with equal disinterested- 
sess and constancy on the part of both. 

To continue in the capital a course of ritudy thus auspiciously commenced 
was beyond the means of Deiambre's family, already burdened with a numerous 
disige. Fortunatdy, however, a gratuitous scholarship had been founded at 
some f<Miner p^od by one of the mv^mbers of that famuy, in the University of 
Paris, and being at the disposal of the city of Amiens, was now conferred on 
the young Delambrc, The benefaction thus reverted towards its source, nor 
cojild a destination more just or worthy have been given it. The recipient, 
sheady distinguished in every path of literary study, was destined one day to 
reflect on his country the lustre of impeiishable labors. While completing the 
eoone of studies which bears the name of philosophy, he still recurred, with 
unwearied a.-<.-iduity, to that ancient literature which had shaped the culture of 
his earlier years, and which the pupil of the abbd Delille could scarcely fail 
tojprosecate with brilliant success. 

The time allotted to the appointment he held had passed away, and his 
ftmily, seemingly persuaded that talent ought to suffice for everything, left him 
to provide for his own establishment. More than a year tliu;? elapsed in vague 
expectation, during which time the most extraordinary privation^i were endured, 
not merely with constancy, but indifference. It would be difficult to believe, 
had we uot Deiambre's own word for it, to what an extent this restriction of 
bis expenses was carried. Absorbed in literary and historical studies, he 
'carcely regarded as desirable what others would have considered indispensable. 
Silently laying the foundation of his future labors, he engaged at this time in 
extensive translations from the Latin, Greek, Italian, and English, and com- 
menced aUo the study of mathematics ; the whole not with any view to profit, 
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thougli he might easily have obtained it, but with the aok purpose of prefect- 
ing his own knowledge. 

Living thus apart and unnoticed, yet free and happy, he knew or indulgt-d 
no passion bnt that for Btody. His time, the only property he could call his 
own, was secured to him ; no importanate visitor appropriated his leisure ; his 
talents gathered Ptrfnjjtli and expanf«ion daily for tlie future service of aBtronoiny 
and hrtters. Solitudt- may thus become an inijpiraLioil for genius; it exalts 
the thoughts, Jitbipaicd the desire for sudden aud vulgar notoriety, and prepares 
the way for works worthy to be the admiration of amr ages. 

The extraordinaiy merit of Delambre, the habitual mildness of his charaeter» 
tke determination witli which he appl;ed liim!?eir to a revisal of his whole pre- 
vion*» course of study, at leno^th attracted atlentiou. A;* he had been advised 
to give some years to teaching, he repaired with this purpose to (Jompi6cne, but 
rt-maiued there only a nhort time. The resonrees of the eapitfd had oeeome 
mdiflpensdl) e (o his plan of study, and returning to Paris, he entered on tbe 
same course of life as before ; this time, indeed, with some additional advantaj^eg 
which he could no lon<^<^r decline with prudence, and which soon ?ecured him a 
settled and independent position. It wat* now that Delambre. first felt himself 
irresistibly impelled to a scientific career. Without neglecting literature and 
hiatoiy, he ez^ored the theories of mathemoties, and applied himseif asstdnotislT 
to tihe study of astronomy and physics. A fidelity to Ma ptirpose formed at ml 
times a distiuctive eharacteristic of hU genius. No one ever threw into hi? 
pursuiti! more of the spirit of seq[aoQce, or traversed with more .constancy the 
vast field of human attainments. 

When he presented himself at the college of France to hear the leesons of 
Lalande, he had ali«ady studied the works of that astronomer, and had even 
written commentaries upon them. Here he first attracted notice by reciting, on 
an occasion which casually offered itself ov^n-e. passage from the Greek poet 
Aratus, which ho illustrated by the cntici^^ms of various annotators. Lalaude [ 
naturally felt curious to know in what manner his own treatise of astronomy 
had been annotated by so accomplished a stnden^ nor ooold he long 'lemam 
in doubt as to the value of this new acquisition to the interests of science. From 
that time he regarded Dehimhre as a fellow-laborer; dissuaded him from a use- 
less attendance on the public lessons, and associating him with his own private 
labors, confided to him the most difficult astronomical calculations. He induced 
Hon, i^assy, whose son had prevmnsly rtceired lessons from Delambre* to 
establish a private observatory at his hotel. Here, being provided with the 
necessary instrument?, Delambre entered on a course of the most extensive 
observation and research ; digested a jilan for reforming all the astronomical 
tables, aud may bo said to have consecrajied his life to the study aud description 
of the heavens. This destination had presented itself to his mind at Compi4gne, 
and was originally suggested by a physician of that place— a man of learning, 
who was the confidant of Delambce's stodies, and had remarked his eztriKndi* 
nary turn for eaniest and eontinnous occupation. Lalande, who knew no dis- 
tinction h'^'tweeu liis own intere-ts and those of tlie Pcience he cu'.tivatcd, souo^ht 
the acouaiutance of the individual who had given ibis judicious advice, and 
thanked him in terms to which no personal obligation could have imparted 
greater warmth.* 

It remains now to indicate the important rejsearches to which Delambre ap- 
plied liimsell', and which constituted his title to a place in the Aeademy of Sciences. 
Herschel, about this time, had observed on the extreme confines of the planetary 
world an orb till then unknown — a brilliant dncovery, which afforded a new j 
proof of the truth of the modem theories of physics. This planet was fonnd to 



* I-aliinde, in albLsIon to Ins own ])art in (lirectin;^ (ho stiullc:^ of DvlftOlbfO, was aoSlU* 
turned boaatmgiy to style ttie latter liis bat work, — Translator. 
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be subjected to the mathematical lawa of gravitation ; its course and the piact^d 
which it had occnpied in the hearcna were snoceptible of demonatration. It • 
was thns aieertained that it had been b^'fore obsi rvt- d by different astronomera, 
who bad no^ however, distinguished it from the fixed 8tars. Delambre under- 
took iLc preparation of tal)le3 rcspcctinj^ its movement-, and pnblt?hpfl them 
without delay, presentiu;^ with great exactnees all the obtervatiousj which had 
been inad»5 up to that time. The Academy of Sciences had proposed thid sub- 
ject for one of its annual prises, and bestowed its snfirage on the work of De- 
lamhre. A striking attestation was herein afforded to ilu- precision of the new 
astronomical tuf thotls ; f(jr though ll* n^cht I'tJ planet had de.scribod but a truth 
part of its course .-^ince its di:scovery, it.^ movi mcnts wire determined with as 
much exactness aa those of other planets, our knowledge of which asceuds to 
periods of remote antiquity. 

To Delambre wo owe also those tables of the snn which were published at 
the same time ; as likewise those of Jupitei: and Saturn. He undertook further 
to construct ecliptic tables of the satellites of Jopiter, and completed thisarduona 
and immtnae labor in a few years. 

The object of astronomical tables is to represent the actual state of the heavens 
at a given moment. They proceed nj&on the general prinoiple of the stability 
of natnral laws, and from the past enaole ns to attain aicnowledge of the future. 
Thr«o re^'earehe8 are guided by geometry, which was said by Plato to have its 
aboide in the heavens. They are controlh-d also by other mathematical theories 
which the modeins have invented, aud which have served to detect the causes 
and the hiwi of edestial movements. 

The most general phenomena, it was first perceived, wore necessary conse- 
quences of the mathematical laws of gra\itation ; still later, more precise observa- 
tions indicated irregularities in the course of certain hea%'enlv bodies, which did 
not appear to result from the general laws. It was asked if the resistauce of 
an ctherial medium nu^t not affsct the planetaiy movemraits ; if gravitation 
was aa eimple in its action as had been supposed ; if the transmission of its force 
was instantaneous or progressive, like that of light. These doubts no longer 
exist, and it waf in the bosom of this Academy that they were resolved. The 
ineqnaliti' s which seemed inexplicable are neceppary results of a mutual action 
between the celestial bodies ; they are no exceptions to tlie mathematical laws 
of gravity, which, on the contrary, they serve to confirm. The planetary world 
Orcillates between limits which it cannot transcend; it contains witlyn itself 
principles of stability and duration which suffice to govern and preserve it. It 
was the imperfection of knowledge alone which led astronomers to liuve reconrs-j 
to occasional compensatory causes. The more the universe has been studiedt 
the more admirable have appeared the unity and simplicity of its laws. Never 
have the sciences attaine d perfection is^ithout evincing the iinmutable order which 
an iufinitc wisdom has impressed on all its works. 

All these momcntnon? qneslions respecting the system of the world were under 
discussion when Delambre gave himself with characteristic ardor to the study 
of astronomy. He assisted at the sitting of the Academy when Limhice com- 
municated his important discoveries on the respective inequalitieaof Jupiter and 
Saturn, and at once conceived the design of applying Uieresults of that profound 
analysis t'l jM rf ct the tables of those two planets. 

To coUtct and discuss all the observations which hive been taken, so aa to 
render them comparable with one another aud wiih the results of .-cientitic 
theory ; to distinguish, by this means, the elements propter to be employed, and 
to assign to those elements the value due to ifaem in reconciling the theorems of 
analysis with the observed facts; such is, in general, the succession of steps to 
be followed in the construction of astronomical tables. 

Delambre applied himself especiaiiy to those of the satellites of J upiittr — an 
undertaking so arduous, and of such vast extent, that nothing less than the two 
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powerful 171 itives of public utility and the grandeur of the subject could have 
sustained liim in ita prosecution. The eatellitea which accompany Japiter, and 
which disappear when thej enter into bis shadow, were the first celestial hodies 
reyealed to us by the telescope. Their eclipses, so entirely analogous to those 
of the moon, recur much more freqneutly than the latter ; for a single one of 
^thesp bodies is obscured four times in the space of ppvea days. Galileo, who 
first contemplated these singular phenomena, quickly inferred that (>bservatioo8 
of this kind might be rendered eminently sobaerrient to the promotion of geo- 
graphical sdenee. In faet» it required but a knowledge of the courses of these 
satellites, and their reduction into tables of sufficient exactness, to rectify a 
muUitudi: of enormous errors in the determination of lon|]^itude, especially in 
regard to the eastern portions of the Old Conliuent, It is true, indeed, that 
many causes concur to limit the use and precision of this method, but it cannot 
the less be kM>ked upon' as an inTaluablo sonroe of discoveiy, and in its eonse- 
ouences as one of the most fortunate of modem inventions; for even at this day 
the navigator derives the easiest means of ascertaining: the proximity of land 
and the relative position of the places he is approaciiing from a group of celes- 
tial objects, whose minute size seemed to withdraw them forever from human 
observatios. Nor is this the only consideratkm by which this world of Jupiter 
is recommended to our admfaration, and invested with an interest not inferior to 
that of any other portion of the heavens. To an attentive observ^ation of the 
eclipses of his satellites we owe our knowledj^e of the fact that the action of light 
is not instantaneous; and from tlie same source has been derived tlie precise 
measure of the time which is required for its propagation from the sun to our 
^obc— a capital dtscoTCiy, made by Beanmer at the observatory of Paris, and 
which a subsequent theory has fully confirmed. 

The system composed of Jupiter and his four satellites is a world apart, whose 
rapid revolutinnf? mirror to us those which are taking ]>lnc - in the general system 
of the sun and planets. Hence, the study of the inequalities of thode satellites 
may be said to economise asfarononuc time* aa they present to our view a class 
of phenomena which will require an immense series of ages for their development 
in the planetary system. 

The three first satellites of Jupiter are subjected, by their mutual action and 
that of the planet, to two very remarkable laws, not less simple or constant than 
those of Kepler. There is a reciprocal dependence between their movements 
and their positions, so that the place of two of them being known, that of the 
third is ther-'by determined; and as one conseque nce of this state of things, they 
can never be all three eclipsed at the game time. Laplace had discovered thest? 
laws, and had^ demonstrated that they arc necessary results from the mutual 
action of the satellites, and that the same cause tends to perpetuate their opera- 
tion. AH observation affording subsistent proof of the tmth of these lawS; 
Delambre made those admirable theorems of Laplace the basis of his researches. 
He had occupied several years in the composition of ecliptic tables founded npon 
them, whf^n the Acad'^my of Sciences proposed the same inqniriea as the subject 
of a prize. This was awarded to Delambre. As he had before obtahied this 
distinction on account of the planet Herschel, ho now a second time eamed it 
on account of those of Galileo. A short time before this he had been elected a 
member of the Academy. 

About t]ii ^ time the execution of a grand and difficult project was set on foot 
in France — a project whose importance had attracted the interest of all en- 
lightened nations, its object being to establish a uniform system of measures 
founded on some natural and invariable base. As the chiief element of the 
French metrical system, a determinate portion of the terrestrial meridian was 
fixed upon, and a fortunate opportunity was thus offered of renewing those im- 
portant geodesic operations which have carried to probably the highest attain- 
able degree of precision our knowledge of the figure and dimensions of the 
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globe. To Deiambre and Mecbain was confided the task of measurmg an m- 
of the zneridian fiom Dunkirk as far as Barcelona — a vast undertaking, whose 

cbaracter, progro??, and difliculties it \b impospible here to fl»'rrnL Suffice it to 
say, that its success was priucipally due to'Delambre; he iiae written its his- 
tory, and it is to hiti works we must resort if we would acquire a just and 
aeeante knowledge of the eaie irhich it exaeted end the fOBnlts which U 
pfodooed. 

To trace this meridiooal line of more than tivo himdred leagues in length, 
and actually to measure it in its whole extent, is what could never have been 
proposed : it is the office of geometry to supply the place of immediate measure- 
ment. But what a mnltitude of obo t ae to i does the ezeontion present ! I^e 
temperatnre of the aii and of solid bodies is continually efaangmgi the atinos- 

Ebere, whose state is so variable, deflects light from a direct course ; the unequal 
eight of the points to be observed, the difficulty of selecting, placing, and 
maintaining sieuals, all conspire against the exactness of results, which may 
be varied aJBO by the attraction of mountains and uifluenced by inequities ia 
the figoze or mass of the glohe. Physics, astxonomy* and mathematical analyiia 
moat eomhine their lights to dissipate these causes of nnoertainty and enw* 
and to enable the operator to disrinpii^h among the varions speeies of proof 
that which is applicable to his immediate object. 

Wo must restrict ourselves here to citiug one remarkable instance of verifi- 
eation which oecaned in oomparing the two hases of Perpinum and lCdan» 
each in extent ahont three leagoes. Delamhrs had taken the Jeagth of both hy 
actual measurement. Now, one only of these measurements was necessary, for 
the two hases b<Mnir comprised in a common chain of consecutive tri incrlt's, the 
one could be deduced from the other by calculation. Having submitted the 
operatioDS to thiB aizu^ar proof, the more decisiye from the mot that the two 
bases are about two hundred and twenty leagues distant from one annther* it 
was found that there wee not the difference of the third of a metre between the ' 
result of the calculatio!^ nnd that of the measurement. Thus wa=« deferminpd, 
by a trigonometrical o}it'iation, a 1 ne of about three leagues in iengilj from a 
distance of more than two huudi ed leagues, and the error was less than a loot, 
thnt is to say, the thirty-aixth thousanoth ^art of the line calculated. I will 
not say that Deiambre was surpriaed at this coincidenee; but he was at least 
highly gratified, for it was the result alike of his own assiduity and of the 
atjloni.shmg accuracy of the inj^truments. Those u.ged for the measurement of 
angles, aa well as for takiug astronomical observations, were the repeating circles 
of ^oida, whose adTuntage especially cousistB in the distribution of any one 
error over a multitude of obserrations. The process adopted for measuring the 
hades, which is likewise due to the same great physicist, consists in the right 
application of a measure formed of platiua* which serves at the same time as a 
measure and a thermometer. 

Thus far wc have spoken only of difficulties incident to geodesic operations 
In- general» hat the conductors of the grand work we are considering were often 
Impeded by obstacles of a different nature. Their progress waa b£et not only 
with keen anxieties, but injurious suspicions and personal annoyance. Mechain, 
who has left us a great number of lii;jjhly valuable observations, was subjected 
to quite a long imprisonment, and suffered much from the effects of unremitting 
fiiti|^ The principal operation, however* was finished, and, as he had alwajra 
deeigued, Mechain wished to carry the measurement as far as the Balearie 
islands, but died in a foreign laud before the results of his painful labors were 
laid before the public. Deiambre, to whose share had fallen a much more ex- 
tensive portion of the work, collected nil tlie elements of it, and published them 
in a leaiiing work which must be regarded aa one of the noblest monuments 
of aewnee. He had quitted Paris in the last days of the month of Jvne^ 
179S. It ia easy to judge how litde &Yoiable the political condition of Fnoot 
9 8 
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at the time, and tlie ^ioIeDt passionp wludi inflamed all the partial of tba iiealBi, 
znust have been to a scientific enterpriae wliofle advanta^ could onl^be appn- 

ciated by e?Tl;p-}itrnprl minds. 

Suspicions accordingly were soorf excited by tbo arrangi-meiitiJ wbicb it was 
necessary to make, especiaUy during the night, aud by the employmf;Bt of iu- 
oomprebensitile signals and Instruments. The rillagen ttoeked together; tiiegr 
' questioned the astnuomers, and demanded the instrnetions nnder whieh they 
acted, and which seemed to thoj^e ignorant minds the cover to some gttilty mys- 
tery. Dclambre, who always believed that good faith, patience, nnA the desire 
of being useful, would triumph over all obstacles, showed the instruments, ex- 
plMoed theii use, and, to employ hhi omi expiessions, nadartoolc to give lesaa^a 
in geodesic astronomy on the public squares of Lagny* Epinayi and St. Bents. 
By this meaus He snece^ed in convincing some of his auditors. But the re- 
newal of these annoying and perilous iutermptions mnilo a anspcnsion of the 
work unavoidable. Aud although this first obstruction was not of any long 
duration, aud Delambre was allowed after a while to prosecute his original 
operationst yet he was called shortly after to endure a perseeut&im stiU BKwe 
odious and protracted. Under the most firrolouB pretexts he was excluded 
from the eommih^^ion for determining the new system of measures. The record 
of this decision may still be consulted, and we there see that it waB the modera- 
tion of his opinions, which was imputed to him as a crime, aud which led to his 
hong forbidden even to take part in the measnrement of the meridian. The 
same order exdudes Borda, Delambre, Coalomh* Laplace, and LavoiBier; k 
beai-s the signatures of Robespierre, Billaud-Varenne, Coutlion, and CoUot-d*- 
HerboiB. Row significant this apposition of names, the most illustrious and 
the most odious. But I ehall not detain your attention on those unhappy 
times which are already far removed from us ; the history of science delights 
only in the recollections of a state of public hazinooy and concord. 

Delambre might well entolain disquieting apprehensions, and he accordingly 
did all in his power to canse himself to be for2:otten. Restored to his seden- 
tary occupations, he divided his time between aci« nce and letters. The Muses 
a second time embellished his retreat; they had anunated bis youth ; they con- 
soled his manhood. The Huaes are beneficent and hospitable; theyefe wm 
asylum to every misfortune ; they wdcome outraged merit and lift it ahove the 
injustice of cotemporarics ; they smile upon those who have no patrimony but 
their time aud fill their Bolitude witli charms ; to all conditkma of ii£e they 
whisper consoling hopes and inspire noble sentiments. 

After an intornption of two years, Delarobre, who had carefully pveasfved 
all the results of his labors, found it practicable to renew his exdusive atteirtion 
to them. He resumed them at first under a different title, but after no long 
time arrangement^ for continuing the measurement of the meridian were fully 
restored. With his usual constancy, Delambre prosecuted all the details of the 
vast undertaking, which was completed before the last year of the century. 
The results obtamed were calculated acoordluff to different methods, several of 
whieh were proposed by Delamhre. A remarkable theorem of Legendre's was 
alBo employed in these calculations and evinced its-peculiar adaptation to the 
uses of geodesic mensuration. 

When the importance of the subject is considered, the questions of astronomyi 
geometry, and physics, which it was necessaiyto leaolve, the cdlehrated namsa 
of French or foreign savants, who lent thnr co-operation to the iaqnlry» and 
the weighty and durable consequences of its result, it is not too much to say 
that no other application of science is to be compared with this as regards its 
character of exactness, utility and magnitude. 8uch was the judgment passed 
upon it by all the academies of Europe, and the opinion of the Institute (d 
fVance waa formally expressed when called upon to designate the most unport* 
ant application of mathematical or physical science whieh had ooeuned wUhki 
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ten yeara. With entire tmanimity of suffrages the prize was assigned to the 
author of the base of die metrical ayBtem. 

The length of a detenninata part of the meridian was at last known with ex- 
-ttftordinary precision, and upon this result, together with that of the memorable 
experiments of Le£Bfvie4}inean, haa been founded the established system of 
Jfrench measures. 

Tbi8 great work comprehenda all the experiments which have been made in 
iMftnt j^laeee on the length of the pendnlnm. confbnnably to the processes 
Invented oy Borda; as well as all the observations made with the design of 
prolonging the arc of the meridian to Fromentera, and also towaids the uorth»* 
Tfhprf it nniteB the f;;eode3ic labors of France with iho^c of Great Britain. 

One of the most remarkable resalts of modern science is that which relates 
to tiie ^ipticol form of the tewestrfai globe. The flattening of the regions 
aionnd the poles, as determined by the rerolnHoQ of the globe upon its axis, is 
demonstrated by all our geodesic measurements, as it is also by a comparison 
cf the lengths of the pendulum; and, what must be regarded as one of the most 
astonishing attestations to the perfection of our astronomic theories, the measure 
of this ellipticity is deduciblo with great exactness from au attentive observa- 
'thm of the moyements of the moon. In the course of that planet, iir^^aritiea- 
Itave been discovered whieh are owing to the action of the earth* and whidL 
could not exist if^the earth were an exact sphere. Even the amount of the 
flattening has been deduced from these irregularities with more precision than 
was attainable by immediate measurements carried on successively in different 
teffata of the globe. 

In this we see a striking proof of the progress of adence* for not a century 
%a0 elapsed since the elliptical figure of the earth was still a problem. Not 
only was the depression of the polar region disputed within the walls of ac.vle- 
miea, but a theory directly the contrary of this had been proposed and obt*ti- 
nately maintained. In our day all doubts are resolved. Geodesic operations 
in France, England, Equatoiiai Americarand the British possessions m India r 
a comparison of the length of the seconds pendulum as observed in different 
plimntf^«: nnrl, as already remarked, the theory of the lunar ineqnaHfic^s — all* 
concur in giving the game value as the measure of terrestrial ellipticity. But 
this question of the figure of the earth, so pruliiic of important results, can never 
be dlecnased without refotenoe to that great system oi operations for which we> 
lira mainly indebted to Delamhre. Already an associate of most foreign acade*^ 
mies, and member of the bureau of longitudes in France, he wa^ elected by the- 
Institute perpetual secretary for the elrt-r-- of miithematical sciences. 

We must now advert to the happy union which he contracted with a party" 
every way worthy of him, the mother of a youth named De Pommaj-d, who haa: 
sueeempsirfed hfm in all his geodesic ezpeditionfl. Under the tuition of this 
mother, the young man had acquired, in addition to correct principles of literary 
ta?te, a familiar u-'|naintance with the finest production- nf foreign literature.. 
L>eiambre attached himself more and more to this coru])anion of his labors, 
developed his talents, and eulighteued him by his counseld and example. The 
mfbcher appreciated justly the Tulue of such a friendship, and It is not dffficult 
to hnagiiie how much her heart was touched by the advantages which resulted 
f^om it. Having become a widovr, Madamr' d(> Pommard espoused the friend 
and protector of her son — the man whost' talents and character were honored 
by the whole of scientific Europe. She honored them herself, for no one could 
hotter appreciate high endowments of the heart and intellect. The motives 
whieh hronght about this union rendered it fortunate ; hut the fomily thus ten- 
deriy united was not destined to a dmrable happiness. It was smitten by the 
fibexpected and <b']>1orab]e loss of the pon, who had been the object of so many 
vowfs, anx'etif md bopes. His mother found at least as much cousolutiou as- 
the calamity admitted of in the tender affection of Delamhre: Thas eighteen 
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years paased away ia the bosom of friendship, couEdeace, and peace ; in con 
filial oeeapstioiu, nod the exereise of rootoal klndnos. In the meui time 

Delainibn had toeeeeded Lalaiide in the chair of astronomy at the College of 
France, and was appointed one of the principal titularies of the university. 
For twenty years that he exercised in one of the clasBcs of the Institute and 
in the Eoval Academy of Sciences the function bestowed on him by the suf- 
frages of his colleagues, he cannot be flaid to have ever onee ewwved from the 
line of strict impartiality and equity; and though fidelity to such dutiee be htit 
the aeqnittid of an obligation^ and so proper subject for formal eulogy, yet it 
can never be useless to cite as an example that eame«tnps8 of purpose which 
always aniniaf d him, or that considerate indulgence which was 8o much a part 
of his ualuie litat uo personal motive or even injosUcc could afiect it. In his 
annual repoitt, In the niatorie eulogies which he gave to the pnblie* and in has 
delineations of the progress of science, we everywhere trace the consummate 
erudition -which distioguished him, and recognize a talent for writing formed 
upon the noblest models. Above all, we would signalize that peculiar tempera- 
ment which made it for him an agieeable and easy office to exhibit the produc- 
tions of ollieia in the most favoiahle light, whilo at the aamo time ho did not 
pomit hiniBelf the sli^test dcN iation from die troth of histoiy. 

His literary and scientific labors were so numerous and extensive that we can 
scarcely be expected to recount them, or ^ ven distinctly to explain their ol>ject8. 
Suffice it to say that, besidea all the works or memoirs w hich he published separ- 
ately, or inserted iu the academic collections of Paris, Berlin* and Turin, and in 
t^at known as <'La Connaissanoe des Temps,** [we have from his hand a oon- 
plete historical series, comprising " The History of Ancient Astronomy," in 2 
vols. 4to., 1S17 ; "The History of the Astronomy of the Middle Ages," 1 vol. 
4to., 1819; " The History of Modern AstrouoLi }-." 2 vols. 4to., iSiJl ; " The 
History of Astronomy in the Eighteenth Century/' and " The History of the 
Heasnrement of the Earth," the two latter having been published since his death; 
of which works it has been justly said '*that no other country has produced 
anything of the same kind of equal extent and value."] The enumeration of 
such labors would constitute the mof t unequivocal title to literary merit, as being 
calculated to display it iu all its briUiancy without effort or exaggeration. If 
this test were applied to the works of Delambre we could not be deceived as to 
the raalc they most occupy in ttie liistory of the scienoes. Before him astro* 
nomical calculations were founded on numerical processes, which were at oneo 
iD lin (. t and irregular. These he lias changed throughout, or ingeniously re- 
ni('il< 11< d. Most of those which astronomers use at the present time Ix long to 
him, having been. deduced from analytic ibrnuilas, which, in their application, 
have been fonnd alike sure, nnilbrnit manageable. The new tahles whkh 
he has given us of the son, of Jupiter, of Satom* of Dranus, and of tho satePHsa 
of Jupiter, at least some of them, may have been considerably improved by re- 
cent labors founded on a greater nnmln.'r of exact observations ; yet, in the pre- 
sent state of agronomy, aud up to this day, the tables of Delambre just mentioned 
are those emplojred in the calculations made for the " Oonnaisaance des Temps'* 
and ^r the nanticai and astronomical ephemerides of most nations. - In addition* 
the'geodetic operation, for which we are chiefly indebted to him, and of whieb 
Iif Itoi e the neatest share, is the most perfect and extensive which has been 
execu i f d in any country. It has served as the model of all enterprises of the 
kind wiuch have been since projected. 

That the labors of Delambre shonld have had this inflnonce on the method 
of astronomy is the more remarkable, considering the somewhat advanced age 
at which he came to the cultivation of the sceuce. He wn'^ raorc than thirty- 
five when he began to practice observations. The history of the sciences, how- 
ever, is not without such examples. INewton, it is truc» was in possession of all 
his great mathematical disooveiies at an age which Leil>mtBhadaotyet sMainod 
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when lie fint devoted himself to such studies, vet Leibnitz, but a few yeta 
]ntor. was one of the inventors of the infinitesimal analypi^. But it is to be re- 
membered that both Leibnitz and Dclambre had been diligent students from 
their earliest joutli ; diev had acq^uired, so to say, the literaij habit ; their minds 
had been disciplined to long veeeareh. In die works of Delambre we poeseee 
an almost complete astronomical library ; in his Treatise on Astronomy every 
known mothod is rpvipwed and compared ; while his histories of the science 
furnish a complete deduction of ita progresa through every stage, from the most 
' remote epochs to the year 1822. The latter portions of this work, unpublished 
dnnng his Bfe^ bare received the superintending cai« of M. Matbiea» an asso- 
ciate of the mstitQte and a former pupil and friend of the deceased. 

We will not here recall the questions which have been raised respecthig the 
origin of astronomical knowledge among the ancients. Such a discupsion would 
involve an attentive study of all extant monuments, and the solution of many 
diiiicult- questions in spherical geometry; it implies, also, a critical examination 
of the most andent sonrees of historical information. Those sonrees are all iu- 
dicat 1 in Delambre's work, and his learned analyns can never be dispensed 
with, whatover be tbe opinion we may form on the general subject. What, more 
than all, distinguishes his history of ancient astronomy from the works which 
preceded it having the same object, is the care which the author has taken to 

f'm a clear explanation of the methods parsued by each sneoessive astronomer, 
hese he has rendered by means of the signs employed !n modem analysis; and 
' it is remarkable that in rendering he has in almoBt eTeiy instance suggested 
aome improvement in the metliod. 

The long and persevering labors which engrossed him to tbe last, aiul from 
which nothing could divert him — which knew, indeed, no interruption but the 
fev bonra of sleep he allowed himself, began to tell more and more upon his 
health during the last years of his life, '^i'he malady through Which his services 
were at last lost to science declared itself in July, 1822; and from the first a 
fatal issue was foreshadowed by long and frequent faintings and a total loss of 
strength, lie seemed, himself, to foresee the event, preserving to the last in- 
stant hia unalterable evenness of temper and serenity or mind ; so that when the 
scene finally closed on the 19th of August, 18S2, it might be truly said that, 
' though he had suffered much, he had given utterance to no complaint. 

"Were this the place to recall those scenes of regret and sorrow wliieh followed, 
what could be added to the noble and touching words pronounced at his obse- 
quies 1 What tribute of honor to his memory could hope to vie with that in 
whidi his illustrious colleague, the witness of his labors and his vbrfcues, embod- 
ied the regrets and valedictions of this Academy?* 

A sketch has been thus given of the most remarkable incidents in the life of 
Delambre. If happiness consist in ennobling occupations for the mind; in tho 
exercise of benevolent affections, and the mastery and possession of one's self, 
what destiny could be happier. than hist He enjoyed no exemption from the 
pasamg annoyances of life, but its most lasting and desirable blessings were 
secured to him as the result of assiduous study, disintercBted friendship, and 
inflexible intecrrity. The consistency of his character was maintained in every 
situation, as well by the moderation of his desires when deprived of the advan- 
tages of fortune, as by the use which he made of those advantages when he 
possessed them. From earliest youth he had imbibed at its very source a fa- 
miliarity with all that antiquity has left ns of the true and the sublime; and his 
maturer life was passed in a contemplation of the phenomena of the universe, 
and m an intimate association with the most celebrated of his cotemj)oraries. 
No feelings of hate, no bitter regrets, no ambitious desired troubled Lis spirit ; 



• The funeral discourse at th& gray« of liulumbre vim pronounced by Guvier. 
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offence he offered to none, and envy itself respected his repose. IIow few are 
the dietinf^uished men. to whom auch a lot was granted; and how easUy could 
thid reilectioa he made more striking by a recital of some of the exalted names 
which preceded hiniL How melaschoiy the contnut which is presented in the 
exile of Tycho, the indigence of Kepler, the illuetrious miefortunes of Galileo. 
Delambrc has loft works whose extent and nature place him in the first rank of 
the promoters of scieiice. Bonh poetry and friendship have been exerted in his 
praise ; and if anything is wanting to his memory, it is a successor who might 
more woribilj hftve execoted the present attempt to do justice to his character 
and genius. Bat histoiy* with its doqaent and fidthfnl voice, will rediess even 
this disadvantage in peipetoating to anier ages the xeoolleetion of so many usefiil 
and noble labors. 
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The precise determination of the velocity with which light ti-averaes spacOt 
first accomplished by the aid of astronomical observations, and tho/i retmced 
to the proportions of a simple experimeut of physics, made iu a laboratory of 
small dimensions, constitutes cerUunly one of the wonders of modem science. 
We propose to exhibit m ihiB essay the diffiarait phBees through which the 
pn»blem has passed, and the vaiious methods whicn have been euoeeuiyelj 
employed to arrive at its solution. 

Wc will first endeavor to ooavey a dear idea of wh&t la understood by the 
velociii/ of light, 

III omr to aeeount for the various phenomena of optics, physicista have 
imagined two systems* in reference to the ultimate nature of light. According 
to one, every luminous body throws out continually and in all directions into 
?pMOf^ corpuscles of an extreme tenuity, which in penetrating our eye there 
produce the sensation called light; this is the system of emission. According 
to the other, light is the vibratory motion of an excessively rare fluid existing 
hi all Bpaeei and known under the name of ethers a luminous body only pro- 
duces and keeps up around itself this vibratory movement which is progi-es- 
sivcly propagatL'd to nn indefinite distance ; tliis constitute?^ tlif ^ >fsiem of undu- 
lation. Can we certainly say that either sytttem is a true expresdion of what 
exists* 2 We cannot. For a loug time one system as well as the other ac- 
counted for all known optical phenomena; now we know that certain phe* 
nomena that we have succeeded in producing cannot be explained by the ays- 
tern of emission, whilst the system of undulation logically embnicos them; 
the latter, therefore, of the twa can alone be (he true expression of th(> facts. 
But it may happen that at some future day we will discover new phenomena 
which wiU be no more explicable by the system of undulation than those men- 
tioned can be by the system of emission* But howevw that may be» it is 
necessaiy* in order to give cleamesa and precision to our reasoning, to represent 
the j»henomena as taking place according to one or the other system, provitV'fl 
we do not absolutely fpvc our mental consent to such a system as being a true 
expressiuu of exititiug facts. 

In the ayatem of emisaion the luminoua corpuadeB thrown out in all diree- 
tions are in reality projectiles which move uniformly and in atnught lines, 
provided they arc not submitted to causes of cbanf^o of motion, such as those 
which result from the meeting of ponderable or gross matter. The velocity 
with which these projectiles move iu space is what we call the velocity of light. 



* The wofd tjfUem is used by the author in this esaay to desi^atea body of doctrine, and, 
tbcff fore, may mean eitlur theory or hypothesis. See Prof. J. Henry's Syllabus of Lectnrfs 
on Physics for the true meaning of them words, which, unfortunately, are m geucrally mis- 
mdentood and thoughtlessly used. An hypothesis may be defined as an assumed lato^ 
whereas a theory is " the exact expresakm of thelawof aolsM of factSt" and may be termed 
a vxndicaltd hypothesis. — Transiulor. 
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According to tlie system of undiilatim liglit is prodaced hy a succession of 
vibratory motions of the othrr which emanate Cmm tho luminous body and fu*e 
propagated indefinitely arouud it into space. \Vu can arrive at a clear idea of 
such propagaiiou by observiiu; the circular waved which dilate from a centre 
of agitation on a Bmi>oth Uqmd Bttr&oo» 0iicfa» for esaiaple, as are produced whoa 
we cast a atone into a calm lake. The luminoiifl waves ure ephorieal, and have 
for common centre the source of the light ; they expand as they move forward, 
like the circular waves formed on the surface of the water. If we imagine a 
straight line drawn from the centre of vibration aud extended indefinitely into 
space, each luminous wave will reach the different points of that line along 
which it nniformly progreases \ the velocity of the liglht if the leoglh the w«ve 
runs over on that lino in the unit of time. Bat we can alao have a dear idea 
of the velocity of light without adopting any hypothesis in reference to the 
manner in which it is produced. If a 80urc•(^ of light, a candle for example, is 
lighted or extiuguitihed suddenly, this instauLaucous phenomenon will not be 
perceived at the same instant at all points of the sp ace ftoBi which wq can 
observe it. If we are quite near to the light we willperoeive it immediately} 
if we are far off there will be a certain amount of time between the production 
of the pheuomcuon aud its perception by the eye, and this time will be so much 
the longer as the distance between the source of light aud the eye is greater. 
The phenomenon of which we have just spoken takes, therefore, a certain time 
to mm tner the distance which separates the place of its prodnetion ftm the 
eye of the observer, and it is nataial to admit that it takes eqnal times to nm 
over equal portions of that distance; that is to say, that it progressps in any direc- 
tion whatever, like a moving body animated with a uniform velocity. The 
velocity of light is the velocity with whicii a phenomenon of light is thus 
propagated to a distance ; or, in other texni8» it is the distance at which the 
eye ought to bo placed from the point where the phenomenon is produced, in 
order that a imit of time may elapse between the mstant of its proidncti^ and 
the instant of its perception by the eye. 

After what has been said, nothing can be easier than to invent the means to 
determine the velocity of light. It wiU suffice to proceed as we always do 
when we desire to measnre the velocity of a mass moving uniformly. If w« 
wish to determine, for example, the velocity of a train on a railroad, we plaoe 
ourselves in one of the cars, and, furnished with !i second wnfch, we oh.^erve 
how many seconds elapse between the instant ot > m mile-post aud the 
instant of passinjg^ the next post following; if wc thu^ tiud 2 minutes or 120 
seconds* we.divicte the distance of 1 mile or 5»280 feet by 120, and the quotient 
44 shows that the train runs ov«r 44 feet in 1 second. In general, we obserre 
the time employed by the body to move over a known distance, and then we 
divide the dist.ince by the time expressed in seconds, and the quotient is the 
velocity m one second of time. 

In (uder to apply this method to the measure of the velocity of light, let ua 
imagine two sources of light, A and B, two lamps with reflectors, for example, ' 
placed several thousand yards apart. If we suddenly place just' before the 
lamp A a screen, the observer at B will not -it th;it in M nut see the light at A 
disappear; he will sco it disappear only after the time employed by the light 
to run over the distance between the two lamps. If at the very instant that 
the observer at B sees the light A disappear he screens, in his tarn, the liriit B, 
the observer at A will not see the light B disappear nntil a short time imer it 
has been screened, on account of the time the light occupies to run over the 
distance between the two lamps. The interval of time comprised between the 
instant the lamp A was screened tuid the instant when the observer stationed 
at that lamp perceived the disappearance of the lamp B, is, therefore, the time 
amployed by the light to ran over twiee Ae diatanee A B; if <we meaanre this 
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time by any means whatsoever, we have only to divide double the dietance A B 
hy the time found in order to obtain the velocity of the light. 

In proceeding: aa we have just indicated, no matter how great may bo the 
distance of the two lamps A and B placed on the surface of the earth so that 
either may be Been from the place where tho other is stationed, we ^^ways iiud 
that th« tiBie elapsed betwMii Uie instant the mvmd ia placed before the light 
A and the instant when the li^t B disappears to the observer stationed at A is 
absolutely inappreciable. It appears as if the extinction of the light of each 
of the two lamps was perceived at the same instant, without any delay, at 
the station of the other lamp ; that is to say, as if the velocity of light was 
iBfinitely great. This happens beoaase the Tekeity g( light, althoogfa not 
infinitely great, yet is of a very high vahie ; light going over in one seofMid 
about three hundred thousand kilometres, (about 190,000 miles.*) or 7^ times 
the circumference of the earth ; it therefore doen not employ, in the experi- 
menta we have just explained, to go from one lamp to the other but a fraction 
of a second, absolutely inappreciable by the ordinary means of observation. 

Every one has obserred tut smnid refsncs a eerlsiii kngih of time to eeme 
from a distance. If we observe afiur off a wood-entter strike with his axe the 
trunk of a tree, we pee each blow some time kefore we liear the BO!ind which 
it occasions. On account of tlie extremely high velocity of light we can say 
that we perceive the blow at the very instant it is given by the wood-cutter; 
ike iBleml of tone wfaieh ekpees between the instuit when we see the blow 
wmd the instant when we hear it, is therefore tiis tiaie employed l^* the sound 
to come firom the tree to tho place we occupy. This time, which is very appre- 
ciable, is so much the longer as we are at a greater distance from the wood- 
cutter. If we remove ourselves to such a distance that the interval is exactly 
one second, then we will have but to measure the distance to the tree in order 
to have the vefedlj of the sound. Instead of that, we ean prooeed as we indi- 
eatod fiir light, by i*eplacing the lamps A and B by cannon whose discharge 
we can instantly bring about. It is in operating thus that we have found that 
sound runs over 333 metres in one second of time.t There is the greatest 
analogy between the progressive transmission of light to a distance and the 
progrsssive trsnimfsrien <n sound through the atmosphere ; only light is propa- 
gated with a vclocitj incomparably greater than sound. The clear eonception 
of the progressive transmission of sound to a distance which we have arrived 
at from the preceding considerations renders it very easy to* conceive the pro- 
gressive transmission of light ; and in .order to understand clearly all wo are 
going to say of this last mienomenon we cannot do better than refer to tho 
analogous phonsMSBon of soond* wlddi is dirsetlj aeeessible to onr senses. 



* In reducing the Franeh meMttres of lengCh to English, we IwTe adopted Captain Kater'tf 

raluo of thfi metre, the French unit of lenn^th, as equal to 3!).37()7<J En^^lish inches, or 
English leet, or U.62J4 of &u English mile. The brass scale made by Trooghton for the 
tfi^ed Stales OoMt Swev- hiM been deohasd the standard of the VmA Statm, and the 

value of the metre expresseu in United States standani inches is given in the Coast Survey 
Report, for 1853, as equal to 39. 368505:i5 United States standard inches, or '6.26070576 
United States feet. Prof. Bache, in 1856, found that tho British bronze ttandaitd yavd, Ko. 
11, is shorter than the American yard by 0.00087 inch. — Translator. 

tit may be staled, in round numbers, that sound, in dry air and at the freezing tempera- 
tOfie, tmvels at the rate of 1,090 feet, or 3i)3 yards, pt r second, and every additional de^ee 
of atmospheric temperature, on Fahrenheit's scale, adds 1. 14 foot to thsit velocity, so that at 
ii'^ Fahrenheit (which is tho standard temperature of the British uit.iiicul system) it ruus 
orer 9,000 feet in 8 seconds, 12J British miles in a minute, or 7o5 miles in an hour, which 
is about three-fourths of the diurual velocity of the earth's equator. Ilenco, in latitude 4;^^, 
if a gun be fired at the moment a star passes the meridian of any station, the sound will 
reach any other station exactly west of it «t the pieciaa instaiut of the ssmo star's aniTing on 
Us meridian. — ^ir J, Htnehd, 
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DISCOVERY OP THE VELOCITY OF LFOHT, BY ROiiMBR. 

Durinf^ a !on^ ptrriod we \v\<\ no knowledge of the velocity of light. Oq ac-, 
count of the extreme greatne^^s of that velocity, the phenomena of light pro- 
duced uu the eiiitii bciug perceived immediately at coudiderable distanced on 
the surface of the globe, it was usual to <M>n8ider the passage of light through, 
space as absolutely iustantaueous.* The honor of the discovery of the pro* 
grossive tranamis.^iou of light and the determination of the value of its velocity 
in dtif, to RoCiuer, a Danish astronomer who was induced by Picard to srfrlo in 
i ranee iu 1672. He made the important discovery by examining and discusa- 
iug with care the obsOTations ou the eclipse of the first satellite of Jupiter. 

It is well known that Jupiter, the greatest of the planets which* like the earth, 
circulates around the sun, is accompanied hy four moons or Batellitea. These 
Batelliten move around the planet in the same manner as the planets move 
around the sun, conformably to the lawa of Kepler; their elliptical orbits are 
in planes slightly inclined to the plane of the orbit of Jupiter. The planets 
ana their satellites have not a light of their own, and we can only see them 
when they are illuminated by the sun. If any obstacle prevents the light from 
falling on one of these bodies, it becomes invisible, or, in other words, it is, 
eclipsed. This i3 what happens frequently to each of the satellites of Jupiter. 
The satellite in circulating around its planet comes to a portion of its orbit which, 
relatively to the sun, is behind Jupiter; the planet intercepting the rays of the 
sua, the satellite is eclipsed for a certain time : this is a pbenomenon entirely 
similar to the eclipses of the moon which we from time to time have the oppor- 
tunity of observing. If we imagine a cone enveloping at the same time the 
sun and Jupiter, so that the surface of the cone is tangential to the two .spheres, 
the light of the sun cannot reach any point of the space situate within the cone 
and lieyond Jupiter ; this space is what we call the unUura or umbral cone of 
the planet. A satellite b eclipsed every time that in circulating around the 
planet it penetrates this umbral cone ; and the eclipse ceases the instant it has 
traversed it. On account of the large transverse dimensions of the umbral 
cone of Jupiter due to the size of the planet, and also on account of the s^light 
inclination of the orbits of its satellites to the orbit the planet describes around 
the sun, these satellites penetrate at eaeh of their revolutions the umbral cone; 
there is an exception aloue for the fourth satdlite, (that which is the furthest 
from the planet,) which passes sometimes above or below the umbral cone with- 
out penetrating it, when it passes in the parts of its orbit the most distant from 
the plane uf the orbit of Jupiter. 

The eclipses of the first satellite of Jupiter (that which is nearest to the 
planet) are much more frequ^t than those of the other satellites, on accoont 
of the rapidity with which it describes its orbit. These eclipses are repeated 
at intervals of about forty-two hours and a half. Also the eccentricity of the 
orbit of this satellite being inscusibh', il.s movement around the planet is circular 
and uniform: there necessarily results a great regularity in the occurrence of 
the successive eclipses. These phenomena are easily observed from the earth. 



• The experiment of the lights explained above was made by Galil«)0, and did not give any 
result. Subsequently, Dcscartoa thought of a celosiiul phtmouioiuni whii-h he imagined would 
uiTected by the prugrossivo tiaosmitf-sion of light. Uo saw that if light occupies a certain 
time to traverse the distance which separates us from the moon, then that Batellite, at tibie 
inonieut it is eclipsed by t!u' intcrposiiion of tlu; earth bc.tweeu th/B sun and fho moou, should 
not appear to occupy in the heavens a position diametrically opposite to the son; it should, 
on the contrary, appear notably distant from that position. Otraervatlon did not show auy- 
thing similar, and he concluded that liiirlit was fran.Hmitted in.stantaneous!y through space. 
These n^ative results only prove that the velocity of Ught is too great to produce, iu these 
efrcnmstances, efibcts appreciable by the means of obaerration employed. They can^ at the 
most, as Huyghens remarks, tVn nish an in^or limit to the veloeity of light| and do not at 
All provo that this Telocity is intinite. 
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even with telescopes of rather low powcir, which suffice to render the satellites 
of Jupiter very di«tiuct when they are uot eclip.sed. We ought, however, to 
TemaA: tiiat it is never possible to observe the beghmmg and the end of the 
same eettpse of the first satellite, becau i , is we only see the umhral cone oh- 
liquely, a j^ood portion of this cone, at the distaiieo of the first satellite, is hidden 
from UH. by the planet itself If we observe t))" satellite wlipn it enters the 
umbral cone, it paascs soon behind the planet, which prevents us from seeing it 
go out of the cone. If at other ^es we observe it when it comes out of the 
mnbral cone, a short time before, and especially at the moment it enters the 
cone, it is hidden from us by the planet. When Jupiter is to the west of the 
sun, the iimlji al cono, which is always on the m\o away troni the sun, ih situate 
to the we^t of the pUmet; we therefore see the lirst satellitt; enter the uinbral 
cone, but we do not sec it go out, or, to use the language of astronomers, we 
see the ttumcTswH of the satelUte* bnt we do not see the ^incrndji. When 
Jnpiter is to the east of the sun, it is the contrary that happens: the nmbral 
cone 15: proicctcd to the east of the planet, and we can obaem the emersion 
whilst the immersion 16 invisible. 

Wliilst in Padua, in 1610, Galileo discovered the satellites of Jupiter. The 
iwpfdity of the displacement of theae little spheres to one side and to the other 
ot the planet, the frequency of their extinction and of their reillomination, 
naturally excited the curiosity of astronomers, who accumulated observations 
on them. It was in studying these observationa on the iinin< "-^|nn^ find the 
emersions of the first satellite, in order to arrive at the mt aii;s ul predicting 
tlieir eclipses, that lloiimer made the capital diacovciy which wo now propose 
to discuss. 

In order to fully comprehend the influence4»f the progressive transmission of 

light through spneo on the observations of the eclipses of the first satellite of 
Jupifer, and clearly to understand the manner in which RoCmer was enabled 
to deduce the value of the velocity of light from the numerous observationa of 
this phenomenon which had up to that period been tabulated, let us take an 
example i-elative to the progressive transmisaion of sound in our atmosphere. 
SnppOBO that the same sound is repeated regularly at equal intervals during 
any given time.; this sound is produced, for example, by a wood-cutter who 
strikes with his axe a tree, or by a blacksmith who strikes with a hammer a 
piece of iron on his anvil. If we are quite near to the spot where the sound 
IS produced we hear and see at the same instant each blow. If we remove to 
a cUstance we no longer hear the blows at the same tune we see them, and 
the interval of time wliieh elapses between sectnj^ and hearini^ the same blow 
becomes {.--rcater as the distanci; is increased. If, when far oil, we come near, 
then go oti again, and then come near, and so on, the interval of time between 
seeing and hearing the same blow increases as we increase the distance, dimin- 
ishes as we diminish the distance, increases again with the distance, and so on: 
it thence results that, notwithstanding the regularity with which the blows of 
the axe or hammer are given, the «!necessive sounds which we hear have not 
equal intervals, since the sounds which follow the blows which produce them 
are at intcrvjils of time which alternately increase and diminish. When we 
walk towards the wood-cutter or the blacksmith, the sounds wliich we succes- 
eively hear are at shorter intervals of time than the b of the axe or 
hammer, and the sounds are at greater intervals than the blows when we walk 
away from tlic wood-cutter. In walking with a regular step the circumference 
of a circle in the neighborhood of tljc place where the wood-cutter or the black- 
smith works, wo wOloe sometimes further off and sometimes nearer to the place; 
and while wo observe the blows succeed each other with great regularity, we 
hear the sounds occasioned by these blows succeed each other sometimes with 
diminishing inter\als, and at other times with increasing int' vvals. The in*egu- 
larity in the succession of the sounds is rendered very sensible by the continuous 
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vatiation in the time compriBcd between Becing and hearing each blow; but 
even w&on we only hear the blows without seeing them, that irregularity is 
always detected by the attentive cour^ideration of the successive bounds; it 
seems &6 if the souudd experienced a periodic perturbation — that they take place 
now before, now after the instants at which we onght to bear tbem bo that they 
would follow each other regularly. An observer placed in the conditions 
■which we have foppoped, and ignorant of the conditions of the progressive 
transmission of sound, and who would thus hear tlie i^ounds of th<! uxc or hana- 
iner succeed each other now with rapidity, now with slowness, as he walked 
fonnd his circular path, mi^ht well imagine, at first, that the blowB themselTes 
bad this irregularity; bntm linking of the manner in which the blows are 
produced, he would have reason to think that such a periodic irregularity in 
their production was not very probable; ;nul especially as he would remark that 
the retardation and acceleration of the succeeisive blows coincided alwayjj with 
hia going away from or his approach to the place where they originated, he 
would naturally he led to attribute tbe izr^gnlarity of the BncceBeion of sounds 
to bis own change of position, and would tbits m led to the discovery of tbe 
progressive transmission of sound. 

It was in < x H'tiy similar conditions that Refiner found himself when he 
examined and duscussed with care the observatious of the eclipses of the iirBt 
satellite of Jupiter. This satellite, in entering tbe nmbral cone of Jupiter, 
suddenly loses its light, and in coming out of the umbral cone it iustantlj' 
regains it. There therefore, in the successive immer.^ions and emersions of 
that satellite, a ^^erie.s of phenomena of li^ht which aro rfproduced as regularlv 
as the blows of the hammer of which we have spoken above. The astronomer 
who observes these phenomena's carried by the earth each year over an orlut 
which differs little from a circle bavins the sun as a centre. It Is true that 
Jupiter moves at the same time around the sun, so that the place where tbe 
eclipse of its first satellite tikea place is displaced continually round that cen- 
tral body; but the time of tlie revolution of the earth around the sun being 
much shorter than that of Jupiter, the distance of the observer from that 
planet and from its satelUte ezperiences the same alternative increase and dimi- 
nution of distance as if Jupiter were stationary. Tbe period of the returns of 
the observer to the same distance from Jupiter is alone modified ; it is about 
3U9 days instead of only one year. If, therefore, light is not instantaneously 
transmitted to all distances, if it requires an appreciable time to ran over a 
length such as tbe diameter of tbe orbit of tbe earth, we ought to find l^e 
effects in tbe observations of the eclipses of which we have just spoken. If 
from observations continued through several years we deduce the mean interval 
of time whicli separates two consecutive eclipsef, we ought to find that the 
time is greater than the interval really observctd between two consecutive 
eclipses while the earth is approaching Jupiter than the interval observed 
wbue tbe earth is going away from Jupiter. If» in using the value of this 
mean interval of tune which ehipses between one eclipse and the following and 
scttini^ out from an eclipse observed when the earth is at it.s mean distance 
from Jupiter, we wir«h to predict the return of future eclipses, it happens that 
the instants when the eclipses are really observed are sometimes in advance of 
and sometimes hi retard of the predicted epochs, according as the earth is 
nearer to or furth^ ficom Jupiter than at the moment of departure from tbe 
point of mean distance. The times furnished by the ol)8('rvations for tbe eom- 
raencement or the ending of the different cclipseB will then-fore appear sub- 
mitted to a periodic perturbation agreeing with the period oi' variation of the 
distance of the earth from Jupiter. This is preciaely what Ilo^mer found in 
discussing tbe numerous observations wbieb ne bad in his possession of the 
odipscs of Jupiter's first satellite; he thus found that light employs 80 
minutes to run over tbe diameter of tbe orbit of tbe earth aiound tbe snn, and 
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eoneeqnently 11 nfniiteB to nm over the distance wliicli sepaiates xm horn that 
body. He published his discovery in a memoir presented to the Academy of 

SciencoH of Paris in 1675, to which he had been elected a member a short time 
after lii^ arrival in France. The following is the account given in the EUttoire 

de V Academie, t. i, p. 213, anuce 1G7G : 

"It waft oi^y fr<na Uus vast msss of observations that we oommsnoed to see a truth of 
physics hitherto tndbiowii to sB pliiloeopbers, and so ignored tiist the oontnny was ahnost a 

axed principle. 

*'A great Dumber of very exact calculatioiui having been made of the revolutions of the 
fiist ssMlIite of Jupiter, and etmsequentl j of all its eclipses eatued ygf ttis umbra of Jupiter, 

he found tiiat at certain timos.it came out of the shadow a fi-w minutes too late, and at other 
times sooner than it should have done, and he could not account for that variation by known 
principles. In comparing these times with each other, M. Boftner saw that the satdUts 
came too late from the shadow always when tho rarth, in its annnal niovemont, Ava<; g^oinff 
away from Jupiter, and too soon when it was approachiue the planet. From these facts M. 
BsiiBsr hsgan to form the ingenious conjectnis Aat lifSt fsqains an appreciable time to 
Innrerse 8pace. That prantinl, if" the siifcHite appeared to come out of the shadow too late 
trhsa we were furthest off from it, it did not I'ulluw that it really did emerge too late, but its 
Hcht lode logger to come to us, for, so to Rpra.k, we had run away from it. On the contrary, 
Waen we went to meet it, tho time of the satellite in the shadow should appear shorter. 

"To test the truth of this idea, he calculated what ditlVreiiccs iu the emors'uia.s ut the satel- 
lite corresponded to different distances of the earth, and be found that tlie light was retarded 
eleven minutes for a length equal to the distaneo of the earth from the sun. From that datum 
he announced to the Academy, in the bef^inning; of September, that if his supposition was 
correct, an emersion of the wst satellite, which would take place on the 16th of November 
foUowiog, would happea tea winntss later than it should acooidiog to the ordinary oil- 
colstioiu 

"Tho event agrecl with (ho proJielion of M. RoCraor. Notwitbstandinf^ this- success, as 
tin idea was very new, it was not at first generally received. The savans were cautious not 
tsbeledsstray bythecfanosof Bovslty. TbesatelHtehasBeit forthseMUrsof Hunstisn 

the centre of Jupiter. Moreover, its revolutions are more rapid when it is nearer the sun, 
uul this should produce irregularities in its motion. Uut these irregularities do not exactly 
follow those just mentioned. They even imagined another astronomical hypothesis, whien 
wonld fulfil all the conditions, but it was too unPike anytliiiifr hitliertn known of the lu-avens. 
It might satisfy the calcniation, but it iuul not that probability which could satisfy the mind. 

"We must, therefore, admit the vstsidatisii of Ugfat as piofaahlB» aoee n diBg to phjsiflSt 
even though not proved by sstnmomy." 

Tho admirable discovery of Roemc'r wa? m ule known in an article pub- 
lished in the Journal dcs Saran/i of Moii(];iy, Decembor 7, 1<)76, under the 
title of Demons fraf ton fnuchant le moui^cnicnt <le la lurnicrc (ronre, par M. 
Roemer, de I' Academie lioi/ale des Sciences. Thia article, accompaniod by a 
figure, gives a dear and Baffidenily detailed ezplaaatum of the iafltietMe of 
the progressive tBanwiiiiion of iiglit on the obaarfilioiia of the eolipaea of 
J^jitor'a aaiallitea. 

OONPIBMATION OF THB IDBA8 OF BOftMBB BY THB DI8G0VBBY OF THB ABBB* 

BATIOJV OF UGHT, BY BBAOLBY. 

The ideas of Boomer on the praereBsive transmission of light through space, 
Md the explanation that he had thente deduced of the alternate deli^ and 
ascderationa in the immereions and emenions of the first satellite of Jupiter, 
sKhoQgh goncrally admitted by savans, were not, howovcr, nccoptcd without 
dispute. The point in consideration was tlio periodic perturbation iu the move- 
ment of a single celestial body — the satcUit.e According to the observations 
ftis body was sometimee in advBDee of and sometimes behind the position it 
ooght to occupy according to the preconceived ideas of the nature of its 
motion; int^tead of attributing these delays and accelerations to the chan;:^e of 
position of tlie obt^erver and to the progressive transmission of light, could it 
not be regarded as indicating a real perturbation in the movement of the satel- 
Hie, dne to a caose not vet mscovcred ? The ideas of Bofimer required, there- 
fore, a eonfiimation trludi wonld entirely reHeve them of donht. ThUi oon- 
donation waa girai in a remarkable manner aome tioie after. It was Air- 
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niahed by the discovery of aberration, mode fifty years later by the celebrated 
English aatnmomer Bradlej. 
This phenomenon of aberration consiBts in an apparent displacement whieh 

all the stars and planets experience on account of the combination of the 
velocity of the earth vnlXi thp velocity of li'-^ht. In order to explain thin we 
will take another example irom among familidr things* and with which we are 
all acquaiulcd. 

Suppose that we are in a railroad car during a rain* without wind, so that 

the drops falU vertically. When the train stops we see the iain*drope movin|^« 

as they really do, <!ach in a vertical line. But when the train runs on the rail?, 
things are completely changed. The drops now seem to fall obliquely, as if a 
strong wind blew in a direction contrary to that of the train's motion, and 
oU^ed the vertical lines, naturally descnbed by the rain-drops, to be inelined 
la,the direction of its action. It is easy to explain this. From the interior of 
the car we obaerve what passes outside through the rectangular opening of the 
window. Let us consider specially a drop of rain which we perceive near th«^ 
upper rtn^lo or corner of the window on the side in the direction of the motion. 
If the car was stationary we would see the drop descend along the vertical 
side of the window of which that comer is the upper extremity. But the car 
moves at the same time as the rain-drop» and at the moment it arrives at the 
bottom ed;;e of the w indow sash it is appreciably behind the vertical edj^e j 
the qu intiiy it is behind is exactly tlie distance run over by the car while the 
rain-drop was descending the whole height of the wiudow-!*ai*h. The rain- 
drop seems to run Qver a straight line which joins the point where it enters 
the space of the window- paue and the point where it goes out; and as this 
straight line has necessarily a certain oblicjaity, the rain-drop appears to descend 
obliquely; and all the other drops of rain m »ving absolutely the sam--^ a.^ the 
oue we have just considered, isecmed also to move in this oblique line, which 
is but an appearance caused by oor own motion while we look at the falling 
lahi. Iff ior example, the car progressed exactly the breadth of tiie window 
while the nun-drop fell through a distance equal to its height, a drop appearing^ 
in the upper corner of the window would seem to run over the diagonal drawn 
to the op{)o,site lower corner of the pane. 

"We will remark, in passing, that if we measure the apparent obliquity of the 
fi^, we can thenee deduce the ratio of the velocity of the rain-^rops to (^t 
of ihe trun» since we know the lengths of the paths ran over in the same time 
by the drops and by the car; and if we know one of these vilocities, for 
examjde that of the train, we can calculate the other, that of the rain. This 
method, entirely practical, was proposed several years ago as furnishing the 
means of accurately measuring the velocity of falling rain. 

Thus from the simple fact that th6 observer is in motion, the bodies whieh 
move in his neighborhood do not appear to have the motion which they lutve 
iu realit}', the direction of their motion being- altered by thi^ circumstanoei and 
that 80 much tiie more as the velocity of the observer is greater. 

Keeping always our iilustration of vertically falling rain, observed from 
the interior of a railroad car in motion, suppose thfS the train gradually 
changes its direction, and from running north to sonth it ehangss to ran ftem 
east to west. On account of the motion of the car the rain appear? driven 
against the train by a wind blowini^ tVom w(;st to east. If the railroad is built 
in the form of a circumference of a circle, so that the train in running over its 
whole length comes, again to the point of departure, the rain whieh really falls 
vertically appears from the interior of the car to ^1 obliquely under the aetien 
of a wind blowing successively from all pointi? of the horizon. 

Similar circuraftances are presented when the rain, in^^ead of falling verti- 
cally, witli a certain obliquity, caused by a wind biowiug regularly. If 
tiiu wmd lixrows the laiu iu a direction contrary to that of the car, the motiaa 
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of tlie car cauoea the rain to appear to fall more obliquely than it really dooa ; 
r£ the wind blows tbe rain in « direction with that of the ear» the obliquity 
wi& whieh it really falls appean diminished, aud may, according to tbe 
circnmstances, be annulled or cvr'n chang;(!d in direction ; if the wind makes 
any anf:;Ie what.socvor with the railroad, the drops of rain will ahvaja appear 
to fall behind the ponitions they would have if the car were at raat. iu a word, 
the dlreetion aceording to which the obser7er seated ia the cor sees the i-am 
full 10 more than the real direefcion of th» rain modified as it would be if blown 
by a wind in a direction conlvaty to the motion of the train. If the car runs 
over a circular road the influence of its raovemont on the apparent direction of 
the fall of the rain-drops changes ])rof^iessivt'ly, so that tlie rain seems suc- 
ccdaively to cotne from di^'crcut pulutti uf the heaven situate ail ruund the 
point from which it really foils. 

If what has just been eaid is dearly understood, it will not bo difficult also 
to understand the phenomenon of ahcrratloii discovered by Bradley, a phe- 
nomenon which presents the closest analogy wifli the apparent change in direc- 
tion of the rain-drops of which we have just spoken. Replace the rain by the 
%ht which comes nom the stais, and the car moving on the circular railroad 
by the earth which annually moves around the sun in an orbit which differs 
httle from a circle. The observer who perceives the li^t coming from the 
stars, and who is carried by the earth in its annual movement around the sun, 
receives that light from pooitioua iu space which differ IVom tlie ditectiona in 
which it would come to him if he were at rest, so that lu uilow the light to 
tK&verse the axis of his telescope he is obliged to give it a direction dmerent 
from what it would have if he were uot himself translated with a certain 
velocity. In the examph? of the rain-drops ohnerved from the interior of the 
moviufr ear, if we ]NlMced near the window a tube so directed that a drop of 
niin entering the top would pass through the tube without touching the sides^ 
that tube would hare the direction of the lines the rain appears to describe; 
on the contrary, we would have to give it the true direction of the falling rain 
if the car did not move. This tube stands in the place of the telescope, wliich 
the observer so dirr'cta that the light coming from a star traverses its whole 
length to arrive ul his eye placed at the other cud behind the eye-piece. If 
the earth did uot move, the telescope ought to point in the real path of the light 
coming from the star— that is to say, in the straight line drawn from the 
observer to the star; but the earth beiug in motion, the telescope has to bo 
directed in the apparent path of the light, a line which indefinitely prolonged 
into space would not pass tiirough the star, but considerably in od\'auce of it, 
when we refer its position to the motion of the earth. We therefore see the 
Star in a point where it does not exist* and that apparent deviation, which Is 
hat an illusion arising from the motion of the observw in space, changes 
gradually in direction as the earth moves over the different parts of its annual 
orbit, so that it returns to exactly the game conditions in the course of a year. 
Each star, therefore, seems to revolve around its real positiou, which point we 
do not see ; aud the angular distance which separates it from that real position 
de|»ends not upon the distance which exists between us and it, but solely on 
the ratio which exists between the velocity of light and the velocity of the 
«arth. If the two velocities were comparable, that is to say, if th(^ ratio of the 
greater to the smaller was not a very large number of units, which is the case 
with the velocity of falling rain compared to the velocity of the tram, the 
apparent deviation of which we have spoken would be very considerable, like 
ui« deviation we observe in the felling rain when we are iu a car, which firom 
a state of rest commences to run rapidly over the rail. If, on the contrary, 
the velocity of light were incomparahly greater than that of the earth, and as 
intiuity compared with the latter, the apparent doviatiou of the rays of light, 
doe to the velocity of the eaith, would be extremely small, aud might, on 
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nccount of its minuteness, escape our investigations, notwithstanding the pre- 
ci.^iou of" the means of observation employed by modern astronomy. But 
neither of thede cases is presented for our cousideralioa ; it is true that the 
veloGit7 of tho earth is very small compared to that of ligbt. but not so sma]] 
that the apparent deviation due to the velocity of displacement of the ob»erv6r 
in insensible: thi?? f1nvi;it;oii, for its maximum, is about 90 seconds of a degree, 
a quantity not only appreciable, but also even measurable with great precision 
bjr the aid of the instrumeata which now exist in observatories. 

Xl fg in this apparent deviation of each atari adeviation ▼hieb ebanges in diree> 
tion from one period of the year to another* so that the star appears to revolve 
annually around its real position, that consists the phenomenon of aberration 
discovered by Bradley. We will content ourselves with havitig given in what 
precedes a general idea of the cause of the phenomenon, and we will not en- 
deavor to show how by setting out from the causes indicated we can find the 
laws it follows daring the different times of the year. We will simply state 
that the total apparent motion which results to each star takes place in an 
ellipse whose greater axis, as it is for all tbe stars, is seen under an angle of 
about forty seconds of a degree; this greater axis is always directed parallel 
to tl^e ecliptic. As to the smaller axis of the ellipse, it vaiies from one star to 
anoUier, and it is so much the smaller as the star is neater the ecliptic: equal 
to the greater axis for a star situate at the pole of the ecliptic, reduced to zero 
for a star situate directly on the ecliptic. The ellipse of aberration, therefore, 
corresponds with a circle at the pole of the ecliptic, and in going from that pole 
it becomes more and more flattened as the star to which it corresponds is tound 
nearer to the ecliptic, so as to be reduced to a simple straight line of a length 
equal to the greater axis for each star situate on tliis great circle of the sphere. 

As it often happens in the science of observation, Bradley discovered aberra- 
tion without seeking for it. * Molyneux had placed at Kew, near London, aa 
instrument constructed witli the greatest care by the celebrated Graham, and 
destined to observe with all possible precision the passage of stars near the 
zenith. The object that astronomers had in view was to arrive at some precise 
data of the annual parallax of the stars. We know that the annual parallax 
of the stars is the displacement with respect to each other which the different 
stars ought to appear to us to have at different pf riods of the year, because wo 
successively see them from different |»oints of tlie orbit of the earth, so that, 
in going from some and in approachuig others, we see them nnder different 
aspects as the earth carries ns in its motion aronnd the snn. Since the 
general adoption of the system of Copernicus, astronomers were desirous to 
prove the existence of that annual parallax wliieli is a necessary consequence, 
and which would be regarded as an incontestal)ie proof of the truth of this 
system. With the instrument of Molyneux were muide the first observations 
which led to the discovery of aberration. The following is his account of the 
discovery, ^ven in a letter to Halley :* 

**Mr. Molyneoz's apparatus was completed aod fitted ftr obtervmg about the ood jf 

Noveiubor, 1725, and on the 3d day of DecemlxT following the brij^ht stur in the heiid of 
Draco (uiai'ked 7 by Bayer) was lor the tirst tiuie observed as it passed near thu zeuitb, aud 
its situation carefully taken with the iutrumenL The Vkib observations were made on tho 
5th, 11th, and 12t1i diivn of the same month, and there appearinnf no materinl ditTerence in 
the place oi' the star, a further repetition uf them at this season seemed needlesiti, it being » 
part of the year wherein no sensible alteration of parallax hi diis star could soon be expected. 
It was chiefly, therefore, curiosity that tempted me, (being then at Kcw, whcio the instniment 
was fixed) to prepare for observing the star on December 17, when, having adjusted the 
fawtrumeat as usual, I perceived that it passed a little more soutiberij this day than when it 
was observed before. Not suspecting any other cause of this appearance, w.i first concluded 



*A letter from the Rev. Mr. James Bradlej, Savilian Professor of Astronomy at Oxford, 
and F. U. S., to Dr. Edmoud IluUey, ^iiitronom. Keg., itc, giving an account of a new dis- 
Aovexod motion of the fixed Btsa&»—j^kUo»<gfkkat Trausactiotu E* sl, JVa, 4U0, JO^cmb§r, l7SS8b 



Digitized by Google 



ESSAY ON THE YELOCITT OF LIQUT. 



145 



tkafc it was owing to tbe aacertiuntjr of tlio observations, and tkit either thin or tlie forogpolng 
, were not bo exact as we had before supposed, for which reason vro. purposed to repeat the 

observ'ution aguin, iu order to t^loi i ir.iiiu A un wlicufo thU iliiTl iviicn procecJt il, aii l upon 
doing; it, ou X>e<*'ember :iU, I found tUut tiie star passed still more southerly tbau on tiii< tVu mor 
ofaMTvationa. This sensible alteration tbe nu»ro surprised ns, in that it was the conti mi j, way 

froiu v.btit it would huvo boon inid it prnr-f oded from an annual jnirafhix oi the star; but 
lioiug now pretty well satislied tluit it ci>utU not l>o putirely owing to tho wont of exactness 
In the observations, and havinf^ no notion of uiiyibinjf else that conld cause snch an appa* 
rent motion as tbis in tho star, wo bogain to think iliJit .sonio chang^e iu the materials, &c., of 
tlie iostnunent itself might bavo occaaioucd it. Uudcr thcso upprebeasions w«> rfmuined 
soaio time, but bein^ at Ipneth fully conviuced, by several trials, of tho great • xficiuess of 
tlie instrument, and tinding, uy tho gru liiiil i.icro;!-''- of tlm :^t;u's <;is*;in:"o from the f»ole, that 
there must hn some regular cau»o tUat ptotiaouJ it, wo took i mu tu txainine nicely, at the 
time of each observatiou, how much it was. atul about tbe begiuniiig of March, ]7*^()* the star 
was found to b;* Iwi uty seeouds more southerly than at the time of tho lirst observation. It 
now seemed U> Lave arrived at its utmo.st limit southward, because, iu several trials mads 
about this time, no sensible difference observed in its situation. By tho middle of April 
it appeared to be rotumiug ba'jk again towarda the north, and about tho beginning of June 
it passed at tho same distauc.o from the zenith as it had douo in Docoraber, when it was first 
el^crred. 

**ifrom the quick alteration of this star's doolinatlou about this tim^ (it increased a second 
in three days, ) it was conchided that it wonid now proceed northwardt as it before liad gone 
southwiHil. of it3 present situation; an 1 it Ii:ii);HMi< d as wa;; conjectured, for the star con- 
tinued to move northward MU iieptembor fuUowiuff, wlieu it again became stationary, beinff 
tlien near twenty seconds more northerly than in June, and no lees than th[rty«nine second 
more northerly than it Wii-^ in March. From September the star returned towards the south, 
till it arrived, in December, to the siune sitmttion it was in at that time twelve moutiis, allow* 
lug- for tbe difference of docUnation on account of the precession of the equinox. 

"This ri sufficient proof that the instrument had not \y:v\\ tlie l an-e of this appar.-nt 
motion of the star, and to (ind one adequ iic ?<> an elfoet seemed a lUtiit luty. A mutation of 
the earth's axis was one of tho iii-st tbinirs il.i\t oiTerod itself npon ihi^ occasion^ but it was 
eoon found to be insufficient; for though it iir;;,'lit have accoutiti l fm- th*- cLanp' • of declina 
tion in y Draconis, jpt it would not at the saiiit; time agree with iht phenomena in other stars, 
|MUPtiim«Hy in a sniaU ooeuUnost opposite, iu right asccifiion, to /Draeonis, at about the 
sjuno distance from the north pole ot i\w oquator; for thonf^h tills Ffnr srenied to move the 
same way, as a mutation of the eartli s axis would have made it, yet (it cliunging its decli- 
nation but about half as much as y Draconis in the sar.ic time, ns appeared npon comparing 
till- observations of both, made upon the .•«amc days, at different seasons of the year) this 
jjlaiiily proved that the apparent motion of tho stare was not occasionexl by a real mutation, 
since, it that had bcou tho cause, the alteratiou in both stars would havo IxH^n nearly equal. 

''The great regularity of the observations loft no room to doubt but that there was some 
regular cause that produced this nnexpected motion, which did not depend on the uncertainty 
or variety of the su;i -o;i:-i of the >('ar. Upon comparing the o'nsei'vations with each other, it 
WW discovered that in botii t!i(> betorc-mcutionod stars tho apparent di&rence of declination 
from tbe niAxima was ab. s nearly proportional to the Yersed sine* of the snn's distance 
from tliO equinoctial points. This was an indueemfiit to tliiulc that the cause, ^vuutcvrr it 
was, hod somo roiatiou to the 8uu's situation with respect to these points. But not being 
iMe to frame any hypothesis, at that time, snfHdeat to solve all the phenomena, and bein;^ 
M ! y desirous to searrli a 'Iftin further into rlii > matfcr, 1 began to think of erecting an instru- 
ment lor myself at Wansted, that, huvin^'- it ii!\vays at liand, I might, with tbe more ease and 
certainty, inouire into tlie laws of this new motion. The consideration, likewise, of being 
aMe, by anotner instrument, to confirm tho truth of tho observations hitherto made with Mr. 
Molyneux's was no small inducement to nie; but tho chief cause of all was tho opportunity 
Ishoiild thereby have of trying in what manner other stars were affected by the same cause, 
wnjjtevcr it wfis ; T r I\Ir. Molyneu.x's instrument being oiiginally designed for observing y 
Dracouis, (iu order, as I said before, to try whether it had any sensible parallax,) was so 
dmtrivod as to be capable of bnt little alteration iu its din ctiou — not above seven or eight 
minutes of a defyn-e — and there being few stars within half that distance from the zenith of 
Kew bright enough to be well obsen ed, ho could not. with his instrument^ thoroughly ex- 
amine how this C41USC atfected stars difl^iently situated with respect to U»e eqainocttol and 
solstitial points of the ecliptic. 

•'These considerations determined me; and by the contrivance and direction of the same 
iugenioiLS person, Mr. Graham, my instrument was fixed up August I'J, 17:27. As I had no 
convenient place where I could niake nse of so long a telescope as Mr. Moh'uoux's, I cou 
fSBttd njmT widt one of but Ittfle more than half &e length of his, (vi2 : ofabont li^^ feet. 



"The Twsed sine of an arc A B of a circle is the distance comprised between the ez* 
tremity A of the arc and tho fiiok of the petpendieolar, left ftll from the extrenl^ B on the 
xadins drawa to the point A. 
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his beings 24J,) judging, from tlio <»xp.?rienc6 which I already had, that this nidiiw would \vi 
loug eoougli io adjust tUo iustrumunt tu a sufficient degree of exuctoe-ij}, uud I hav;i hmk no 
reason since tu change my opinion, fot-. tVoin all the trials I have yot made, I am very wi»ll , 
satistiod that, when it U carefully rectified, its situation may hr» «<> -nrc!y depended npin to 
half a second. As tho place where my instrument was to Go huu;^ iu soiuu ujeiMurc deter- 
mined its radius, so did it also tho lougth of tbe arch, or limb, on which tho divisions wcm 
)nado to uiIjun* it, f.)r t!io arch cimltl m>t conveuieutly b;^ extc-nlc I further than to reach to 
about six auJ uuc-iuuich degrcuj uu ea ■!» side uiy z iuith. Tuis tadeeJ, was .sufficient, since 
it g.ivo nin an o{)portunity of making choi.'o of s(jveral stars, v*!ry diiTen*nt both in magnitude 
and situation, there being more than two hiuidrod inserted ia the Briti.sh CHt&l<^^ tmt amy 
be observed with it. 1 nc^eded not to hava extended the limb so far, but that I was williuj* 
to takti iM Capt lla, the only star ol" thu tirst maguitu lf that comes so near my zcnitli. 

My iuitruuient beiuff tixoi, I iuiuiodiatoly bezua to observe sash RtSLti m I judged most 
proper to fi^ive mo li<^ht mto t\y^ caiiso of th^ motion ikircady montio*ie«1. There xm$ -nurlety 
cuoua:h of sma'it nut i, nvA not 'ess fli iu twelve that 1 could ob.-eivr tlncnjrli all rmanBmot 
tho year, ll:ey being bright enough to b'^ u m the day-time, when i:r:n\->t the siun." 

13r:uUoy here ettter- into some detail oa the reeulto which bo obtained in tb« 
observations on different stars. He then adds : 

'•When the ye;!'." was completed I began to examine and ooinpai-e my ob?ervaUonp, and 
Laving pret!}' well .satisfied my.sclf as to the general inwa of the pheuouicuu, 1 then endca* 
vored to tiud out tho cause of them. I was already convinced that the apparent mot ion of 
the stars v. ai not owing to a nnitatiou of tlie earth's axi:^. Tho next thing that offered itseif 
was an alteration in the direction of tho plnmb-line with which the instmment was constantly 
rectified ; but this, upon trial, prov(jd insufficient. Then I considered what refraction might 
do ; but here, ahto, nothing satisfactory occurred. At last I comectared tliat all the pb«M>> 
incna hitherto mentioned pro<;«oded from tlie progressive motion of li^ht and the earth's atmual 
iiiotiou i:i !i:< orbit, for T iktci h i' 1 that, if liprbt av.i^ propagated in time, the jippiireiii; jiia ■<■ 
of a tixed object would not bo the same when tho eye is at te&t m wlien it is moving in aup 
other direction than that of the line pa.ssing through tlio eye and ol^ecl, and that whan m 
oyo is moving in diffbr»it dtteetions the apparent place of tho object would be diflfemnl.*' 

Briulh'y examine!) then, in detail, the apparent pilsitions which the startf 
sliould have from tho coinbination of the velocity of the earth with the velocity 
of tho propag:itioii of light through space, tiud he finds a perfect a^reemet.t 
between the reBuits thus arrived at and thosie fiirnii^hed by ooservatiou. Th!.i 
ckaugir in position of the stars which he had studied with such care was thtiit- 
i'ore explained, and bo was enabled also, from tbo in.ignitado of tbeso changes 
of position, to dctenntnc the ratio of tlu; velocity of light to the velocity of 
trau>'!:tli(' I of tlio earth. In making thi- determination from tlic d.il i ;j;iveu hy 
oh-ervations on tin.' various starti he had .-itndied, he arrivCa at very cou- 
ei?]daat re.sults, Vk liencc ho concluded that the greater axi.s of liio ellipse of aber- 
ration, whicb is tbo same for all tbc stars, ba.s an amplifndo of forty and a balf 
seconds. It follows that tbo velocity of light is 10,188 times gi'cater than tho 
velocity of the earth, (the mean velocity being understood,) so that the light 
ought to take eight minutes atid thirteen seconds to como from tbesnntons* 
Bradley, referring here to the discovery of llofimer, says: 

"It is well known that Mr. ifounicr, who lir.st attempted to aeeonnt for an apparent 
inequality In tho times of the ec!ips«» of .Jupiter's patell.tes by the Ijypothesis of tho prosres- 
.sivc inut'io'.i of light, stippused Ihut it spent about eleven minutes of unie in its passa;,'' i u 
the sun to us, but it Imth since t>Gon concluded by others, from the like eclipses, that it ii 
propagated as for iu about seven minutes. Tbo velocity of light, thca^fore, deduct froat 
the foregoing hypothesis, Ls, as it wert>, a mean betwixt what had at dilBwtent ttmes been 
determined from the. eclipses of Jupiter's satellites.'* 

After the discovery of Brudlev. tlie prosrressive transm'ss-on of lisrlit becamu 
an incontestable fact. Here we do not consider merely the pcrturbatioa affect- 
ing the position of a siugle star as iu tho phenomenon discovered by lloemer, 
a pertiurDation tbat we might, in truth, regard as really existing in tbe motioa 
of the satellite, altbougb we might not be able to give tbe ultimate canae. Bat 
in the new phejiomenon discovered by Bradley wc oljservc all the stars sub- 
jected to a pcrtiirbaliou of tbc same, nature, I'Dl'owing tho same laws, and 
not varying from each olliur, but by reason of 4;heir ditfeivnt positioiis relatively 
to tbe ccliptio. Tbb general psrtorbatioii, evidently owing to a suigle general 
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caasc, irrcspcetivc of each individQal Btar, is explained moat satisfactorily by 
the Iiy pothcsis of the progressive transmission of light, and the result Is in per- 
fect nccoid with the deductions of Bofimer, from theobsenratioiisof the eclipses 
of Jupitor':^ satellites. Such an agrcpmcnt of cironm?tance8 does notoUow of 
the least doubt as to the tmtli of RoemrrV cf)!u-i'|)tiou. 

We will remark, in passing, that aberration, which h a result duetotilOOOm- 
biMykkm of the velocity of light with the velocity of the earth, in its annual 
movement around the son, furnished at tho. same time a proof in favor of the 
sys^tem of Copernicus — a proof which had, up to that period* been vainly sought 
in the uniiual ])arallax of the stars. 

This pheuomenou, di^icovcred, studied, and so well cxphiiued by Bradley, 
had ml temafand entiiely unknown before his time. In faet, in too work of 
Pieard, entitled Voyage Uranibourgt spealnng of the didfereat values whiek 
Tydio had found, for the height of the pole at his observatory of Uraaibonrg, 
we read the following passage: 

" Besides that, thorn is an oVtstach; in the wiiy of the u.;t' of tin- polar star, (for dctormining 
tb« height of the pole,) which, from ouo reason to another, esperienceii certain variations 
wUdi Tfoho had not remarked, and wUdi I observed nearly ten years ag^o, which comrisCs 

in this — that, although tho polar stjir approaches c<nititiually tin; pole* by about twenty 
ceceitiU, it uevcrthului»s huppuus that towards Ihc month uf April the inferior meridiau height 
•f tliatstar becomes less, by seveml seconds, tliau it appeareiil at the preeedUng winter soU 
stice, instrnd of which it shonlJ have been greater by five Seconal'', niid, eonserinontly, in the 
mouths of Au{rust and ISeptembor its superior meridian height is fouiul to be iieui ly that which 
it was observed to have in whiter, and .sometimes even greater, although it ought to have 
ttimiuished from ten to fifteen seeomls ; but, JhiaHy, towards ihc end of the year all is com- 
ptustUedf so that the poiur btar appear i» nearer to thi: polo by about tweuty socouds thau it 
msbefofs." 

■ 

There is no denymg tl^t we have here ike lumual ehaoge of position due te 
abensdon. Fleard addst a little further on : * 

**To ten the tnith, I here not as yel been able to hnagine any exploaatioQ that satisfies 

Delambrc, who dtcs these passages in his Jlistotre de V Aitnnomt Moderne, 
t iif page OIC, accompanies them with tho following reflection : 

*'Wben Koemer, brought into France by Pieard, measured the velocity of light, he little 
Isngined, notwithstanding tl;e identity of tlio annnul ])t rioil, that his diseitveiy had anything 
iaceounuu with those variations which had for so long troubled I'icard, wlio, no doubt, iuid 
often spoken of than." , 

In the two phenomena* of which we have successively spoken, the progres- 
sive transmission of li^ht doca not play the tame part. If the observations of 

the eellp-es of Jupiti r'.s ^;ltcllite3 unveiled to lloerncr a periodic perturbation, 
agreeing with the succeri^ive augineiitatioiis and dimiuutions of the distance of 
Jupiter from tlte earth, that is owing to the time the light employs to traverse 
tlie earth's orbit; the velocity of the earth has nothing to do with the ampli- 
tude cf the phenomenon, which depends entirely on the dhnensiims of its orbit. 
In the phenomenon of aberrati n, on the contrary, it is the velocity of tho earth 
which i^? principally concerned ; and it is of little consequence whether its orbit 
be Bmall or large. If we transport ourselves in thought to tlie planet Mars, 
which describes an orbit of larger dimensions thau the earth, but which at the 
same time moves with a less velocity, we will see that tho two phenomena of 
which we s})eak will vary as to their magnitude in an inverse manner; the 
eclipspg of the iirr-t ^•;lt('Hitc of Jupiter will appear to experience a greater per- 
turbation, and the aborralion of the stars will be less. The contrary will happen 
it we place ourselves on the planet Venus, which has a greater velocity of 
transLitton Uian the earth, and runs over a smaller orbit: tibe aberration of the 



• On aeemmt of the preeesrion of tiis eqnimnes. 



Digitized by Google 



ESbAV ON THE VELOCITY OF LIGHT. 



vtars will bo augmentocl, and tlio cclipsea of tlio first satellite of Jupiter will 
preseot iu their anccessioa a smaller perturbation. 

Tlie obscrvjitious of the immersions of Jupiter's Bfitcllif*^^ i)ro?ont pora*^ nn- 
cerlaiiit}', as these bodies traverse the psaumbra ot Jupiter bet'ore entering the 
pvu c umbra J so that hi their movement around the planet, the laUor scrceus tUem 
gradually from the sun's rays until they are completely cut off ; so that the 
light of a satellite in eclipsingi insensibly decreases to total extinetion. Thr* 
* time of the gatcllitc's eclipse may therrforf vary, according as wc make u.*e of 
XI telescope of greater or le?^ p')wor, unJ as the atmosphere id more or less 
transparent. The same remarks apply to the emereioas of the satellites, Ou 
the other houd, m supposing that the times of immersions and of emersions 
Lave been exactly observed, it is further necessary^ in tho irrcgnlarities which 
the succession of these phenomena present, to eliminate wliat is due to tho eccen- 
tricity of the orbit of the satellite, and to tho perttirb.itions with which it i.-^ 
really affected, from ^vliat \a but an appearance arising from the progressive 
transmission of light, it is for these reasons ihat the first satellite is selected 
as the most proper to furnish the data for the determination of the velocity of 
light; the greater velocity 0# its motion ul the small depth of the penumbra 
at the point where it crossc? it, caiifo? it lo lose its lii^ht more rapidly tlnu the 
other satellites; also the almost entire absence of ccci utricity iu its orbit n".idei*s 
its motion more regular, and thus gives more prominence to the irregularity due 
to the time that the light takes to traverse the orbit of the earth. Bat wo ean 
never arrive at but a rough approximation of the velocity of light as deduced 
tVom the observations of iho eclipses of this satellite, as Bradley has shown i% 
ibe la^:t paragrapli cited from hi§ letter; since the results .arrived at by this 
means, for the time employed by tho light to come from the sun to the earth, 
varies from seven to eleven minutes. 

The ph^omena of aberration fnmish far -more precise data fbr the determin- 
ation of tho velocity of light. As all the stars are affected by aberration, wc 
can multiply at will oljsorvations which liavc a a:rcnt dea^rec of precision. 
Bradley estimates that the error in his determination of eight minutes and thir- 
teen seconds for the light to travel from the suu to the earth cannot exceed 
ten seconds. 

Employing the most exact means of modern science, Mr. W. Stmvc* director 

of the Central Russian Observatory, near St. Petersburg, made numerous ob- 
servations during three years (from April, 1840, to the end of IS 12) to obtain 
the exact value of aberration. In discussing these observations, he found that 
the half of the greater axis of aberration, which is the same ibr all stars, has 
an amplitude of 20.45 seconds ; whence it results that the velocity of light is 
10,089 times greater than the mean velocity of the earth in its orbit. 

The earth employing 3654 days to run over its orbit, liiclit takes 10,089 times 
less, namely 52 minules and 8 seconds, to '^o over a line of the same lenr:;th ; 
and regarding that orbit as the circumference of a circle, wc have but to divide 
52 minutes 8 seconds by twice the ratio of the circnmference to the diameter 
(3.1416,) to have the time employed in traversin::; it-; r.ulius— that is to say, die 
mean distance of the suu from the earth. We tlius fmd 8 minutes ISlseeonds 
the number which is now adopted by all astronomers. 

The observations of the eclipses of Jupiter's first satellite, and those of tlie 
phenomena of aberration, lead directly, as we have just seen, although with a 
different degree of approximation, to the detemunation of the time light occupies 
to run over the mean distance of the sun from the earth. To deduce from this 
the absolute value of the vclocitv of liirlit referred to onr ortlinarv nnits of 
length, tho mf^tre, ^the foot or the mile,) wemnst kuow how many metres (miles) 
« ' are contained iu tlie distance from the sun to the earth. The value of this 
distance is fvond by means of the parcUax of ike nm } we designate thus tho 
angle under which, being at the sun's centre, we would see the radius of the 
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earth. Tho sun's parallax, calculated from tlje observations of the last transit 
of Vcnti^' over tljc disk oT tlic sua in 17G9, is fixed at 8.57 seconds; hence tho 
difcimcc ut' the HUH from ihc caiiU h equal to 24,109 times the radius of the 
earth, or to 16o,ciU0,000 kilometres (or to 95,384,900 rnilea.) As this length 
is nm over hy the light in 8 minutes 18 seconds or in 498 sccoudd, we conclude 
l^at thd velocity of light is 308,000 kilometres (or 191^91 miles) in one second. 

IIowev(?r, for some years several circumstances havo conspired to make ns • 
luclic vc tltat the dotermin ition uf S.57 seconds givon tho vi\U\e of the sun's - 
parallax is loo small, and tliat the parallax ought to be au^Mi( nt.ed by a quan- 
tity not less thiui the thirtieth of its value, which would elevate it to about 8.9> 
seconds. From this increase in parallax resulte a diminntion in the earth's dis- 
tance from the sun, and consequently in the Uistancc gone over in 8 minutes 
18 seconds by th(' light; the velocity oriiirlit wV.l tlu irl' •rit be reduced to alittlo 
less than 300,0ua kilomotn ;^ (or lSG,4:;iO miles) in a second. The next trati -it 
of Venus,* which will happen in 1874, cannot fail to set at rest all doubta which 
may yet remain on this point 

THE EXP£BIMG.\T PBOJECTBD BY AKA(i() TO DETEBMINB THfi> VBLOCITY OP 

LIGHT. 1 

The velocit}" of light, di.-covorcd and dctcrm'iifj by tlie liibor;? of wliich we 
have just spoken, was entcnnl as an c.-taltlislicd fact among the truths of sci- 
ence. ITui'thcr rcsearchea couitl ul most only lead to a greater precision in its 
determination, already ap])roximated so closely by Bradley. The magnitude 
^f that velocity, so great that in one second it runs ovor moro than seven and a 
half times the circumference of the earth, would cause us to consider the 
dirnrTisioiis of the earth as far too small to serve as a b i?;s lV>r an experimental 
deltrmiualioii of its value ; the incomparably greater dimension of the earth's 
annual orbit was not more than suflicient to reveal to Roiimcr, from his obser- 
vations of tho eclipses of Jupiter's iirst satellite,. that prodigions veloottj, and 
we would naturally think that the measure of tho velocity of light, which, 
from its nature, really beloupr* to tlie province of experimental physics, would 
never depart iVom the dom-.iu (tf istronomy, Kt vi rtlieless, as we will soon 
see, this recently did take place in the most brilliant manner. 

Tho first step in this direction was tho most difficult to make, and it required 
all the daring of genius to attempt it. We fnid it in an experiment projected 
by Arago, and communicated to the Academy of Sciences of Paris during its 
meeting on tin 3d of December, 1S3S. In t!i>^ project it was not as yet pro- 
posed to uitiHsure tho velocity of light, but simply to compare the velocities^ 
with which ligut moves in air, or in a liquid such as water, or bisulphide of 
carbon; it was proposed to find by experiment which of these two velocities 
was the greater, which would decide in an irrefutable manner between the two 
«78 terns imagined by physicists to oxphiin optictU phenomena, viz : the system 



* 'Th (.^-''i vat'.oa <A the trur,>it o!'t!;o [Kanct Vcuu^i acru«jj the >li-k of tbo suu is by far the 
most pifcciiie means ibat we can tuj^iiuy lo lieterniino tlio vuliui ol liie parailax of tho 8uu. 

t Before proceeding' fVirther in the i)erusul of tho essay of M. Deiaanay, it is ttecea«ary 
that ;{U who iinvo nnf ^iveJi especial utieii;ii>:t to the . study of recent op'u al rc-^careh, auJ 
who Uciifc to uppivciatu ibc beauty and iiupuitam'c of thi' remainder of iliU cj>««iy, hkuvdd 
iiod<n>itaiid tcliy iigiit ahotUd move faster iu wmcr thtia ia nir according to tho emi^ion 
theory, and slower iu water il.an in air a 'ciudin^y to the undnhitory theory. 'I'liis :i not 
explained by the author, uiul \vi:lii>iit Uu.s kuowledg;e it is impossible to uppimiutu iho 
excellence of thcso classical oxpetimeuts of Arago, of Fixeau, and of Foucault. 

Wo would advise tho above clas'S of readers to study the jwints licro spokou of iu the 
•'Lectures on the Undulating Theory of IJght," by l'rofe.s»or JJaraard, .Siuithsouian lioport 
for JKJvJ. In tho odmirablo "Traite'do Physi<pie," by Daj^uin, Pans, J8t>2, aud ia PouiU.'t'.s 
"Traito de Physique," will be found detiiiied accounts of Uteappartttus meuUoueU iu this 
essay, illustrated with cngruviu^^ Tiie orip^iual monoin in (be tFunsactioos of the Aoademjr 
of Sciences of FarLi should also be consulted,-* Tr, 
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cf et!iisf»ion and that of vibration or uiiflulation. Wc cannot f\ bettor tiian 
here, uUow Arago to t^peak i'or iiimsclf. The following id what ho Bays m the 
notice printed in the proceedings of the meeUng :• 

**I propose to s bow in tiiis comiminicaiiou how it in nos.?ib'.« to dRcide. nnequivoca'Jj-, 
whether uglu b.'. cumpoiedof little purticlos tmaneUing Vrom radiutiuL,^ hudu s, as Nowcoo 
supposes, Had as t!ir f^rontcr part of moilt rn geometers admit; orAvhcilier it is i ir.-.p'y ihc 
result of tills andulatiuns ol a very Yma uud very clastic inediuia wiuch physici^io havo 
agreed to call ether. The sygtcm of experiments which I urn about to describt> will no 
1onp;t>r permit, it seems to me. to hesitate betwocn thesis two rival theories. It v. iil dt'cido 
muttiemtHicaUtf, (I use dojiignediy this oxprcsstou;) it will decide muthematically one of the 
grandest tuid meet dehftted qneetiou^ of natural philosophy. 

lic^ido.i, my commauicanou Is the fuUiUing of a sort of cogogcaicnt to the Acadcmj I 
accepted at one of its la^t secret sittings. 

"t discussed the. adin'rublo method, bv the aid of whiL-h Mr. Wheatstone attf^pted the 
solution of the problem of the velocity ol' electricity over meta iir conductors. I hacl hardly 
teitninatod the etramonitioii of the important rosmta obtained by that inr^enious physicist, 
when several of our member.*, whose names are authority in such matters, stated that my 
report far too approbative. ' in supposinff it well determiued, the iulbrior limit assi^eil 
Mr. Wheatstone to the Telocity of electndty will not have,* said one, ' any marked 
influenr^' on the progress n[' the Kcienees; besides, lirait.s of thu same order, and even more 
uxton^ivo, can bo doJuced indirectly from vaxiou.s electric or maj^ettc phenomena. As to 
the method of the reTolvin^ min ors, it does not seem to be ^•usceptih!e of application, but to 
the simple questions alrea«Ty .^uilkd by the invrntoi.' I tried to refute thia last opinion. I 
believed myself that the la-w iiutiument, suitably uiodiliud, would lead to rc-^nlt:* that Mr. 
Wheatstone was not aware of. I already forcsav/ that, oven in supposing it enclosed in 
the narrow limits of a small ro- 'in, ii l ouM sn ve to nieuMue the coinpnr '.'i . c \ t !iK ities of 
iijfht ntoving through air and tUiuutfU a luiuivi. I was not slow in le:uii:Uj|, and without 
luivinfT hardly the right to be astonished or to complain that my assertion lia<l been received 
\vi"h iucrodulity. Ke%*rrthrlos-, I intend to vindicate it to-day in all it'^i ]>arts. 

''Principle of the melhod: Lijt a ray of light fall upon a plane polished miiTor; it will 
be retiected, a^ every one knows, in fofmiug with the eurfaco of the mirror an ttnglo of 
retlei-iion exactly equal to the angle of incidence. 

*'Lpt ua now suppose that the mirror turns through an arc « around the point of its 
surface from which ttie reflection takes place. If this motion, for exn jinle, int iia.'-es by the 
qaaatitj a, the origuiai angle incMteace, it will diminuih as mucli tlic original angle tff 
r^fltOUm. The latter will, thorofbre, after the displacement of the mirror, be smaller than 
ilic rti\~t liy ibe (|ua;iMty 2a ; thus It liiusl bo Increaaed 2a to render it equal to the netc a/t<r!r 
of incidcMx; Loucc thai angle iucrco^d 2a will give the direction of the retlccted ray in ti^e 
■eeond position or the mirror; and thus the incidottt ray remaining the same, an angular 
motion a of the mirror occasions a dotiblc angular tnotion in the reflected raj'. 

"This mode of reasoning applies jv^ well to the ca:»o where the motion of the mirror, 
acting in a contrary direction, wonld diminis'i the liri<t angle of incidence. The prmeiple 
iSi then'fore, gennrri! ; nn 1 i; is alio that cf ul! rt-ne -fiug nautical inHtrument.s. 

"The rodeciiou uoia the pluuu uiirrorn can serve to project tlio luminou.s rays i:t all parts «i 
space, without, however, altering the relative positions ; t^vo rays pandlel before rcllection 
will bo pfir.ille! after llu ir i\ il 'ctiou ; those at lirst inclined to e^^rh oilier 1 nniiute, ](i 
minutes, or 20 iiiimae.s, tSLc, will form precisely the .same angle att«-r «liie reiicctiou ha-s 
deviated them. 

" lusicad of a single ray, let us consider two horizontal rays setting out from /iro neigh- 
boring points .«itnate in the same vertical. Admit that they strike on two points of the 
median line (abo vertical) of a plane vertical mirror. Suppv>se that this miiTor revolves on 
itself unilorudy and in a continuous manner aroand a vertical axis whose prolongation 
0(^eides with the median lino just mcntumed, the direction in which the two horizontal 
line^ will \)L' lollected will de;. uii » \M :il!y iqiuti ilie moitieut. tlicy may reach the mirror, 
since wc have supposed that i( ium^. If ttio nco rags have set out eimuUaneouelg Jrom ths 
ttoo eontigiioxt ntdiating points, they will reach simnltasieoasly tlie mirror. Ttieir 
reflection will take place at. the stmc instant; cx)n.scquently in th( saiuo jiositioiv of the 
taming sttrface; coaietiuenily if that surface wai» statiwiai-y with respect to them 
Therefore their primitive parallolista will not be changed. 

*• fn o:\lpr that the rays whi'.rh primitively wero parallel rntiy diverge after tlit ir rellectiun, 
it is necessary that one of thum ^^hould arrive at tho mirror later thau the other. It |s 
necessary that in its coar^ from the radiating point to tho reflecting and tttrning sorfaoe. 
the velocity of th;; ray should U ' accelerated, or what will bu prcci ^r-ty tho same thin;rT it i*' 
neces.saiy (the velocity of tho lirst ray remaining constant) liua that of the ticcouU .sUuuid 
experience a diminuiion. it is necessary, finally', that the two ra;^s should befofleetcil one 
after tin eili r ; a i l, on^oquently, from two distinct positions of the mirror, foruung with 
each other a sensible an^lc. 



* Comptos Bondus dos Soanues do l*Acad6inie des Sdeaces. i. vii, p. 9'i4. 
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*' Accordins: to tin' ilnoiy of otniasion, iijjht uiovcm in water nof ihly faster thau ia mr. 
According to tlio vvuvo tii.ory, ii ia prt'ci-Hjly tlio opoiMUo wliii-ii iuki'A place: the light 
iiiovc^ fa.ster in air than i;i wiitor. Suiii»o?>u tli:it onc» of the raya (the I'.ppcr rnv, for example) 
iuts to travenje a tube filled with •wutflr b.-'fore it stnkos the mirror. If the theory of ciiiiri.siun 
ho trno, tho npper ray will be uctclerutod in its pro;j:n'ss; it will rL*m;h tin' mirror lir.st; it 
■\viii hit veHectcd before tlio lowi-r ray; it will make fr-itU it n orrtain a'ltflc, und tlio diivctiou 
of nUa doviafcion wUl be anch thtU the lower rajr will ap^iear in a'ivance of the otbor, thai \t 
win appear to have been deviated moru hj the taming iiiirror. 

" Circuiiistani'es remaining' llui nanie, lot us admit for a moment the truth <>\' ih » wave 
avi»t?ui. I'he tube of water will rutard the progreiw ol the upper ray; the ray will urri?e at 
too r^ectiug mirror after the Iow«rniy; it will be reflected nottnofiret, as in the former 
ctsii, but the second in A il . aii'l tVum :t p;> iti tti < F the polished rcfleetiu'^ fao • in ii lvanee 
of litf) positioa it had wheu it reiiev :te<l tlic itpp^r ray a uiouieut bcforo; the.;..' two raya will 
mako with each other the same nn^lc as in tiie other hypotheeift, except (and we shoold well 
T. TTia.rk it) rlovintiDi will take place profi.si^ly in an opposite diiectiou; the upper ray 
will iiuvv be in advance, uUvnys in.lifut'.iir^ tlius the direction in wliicli the mirror revolves. 

"To rocapitnlaie: two radiatin^^ points, plneed u*>ar eueh other on the Mine ▼evtlcol lims 
flash in-t'intiuiooiisl . h^ foiv ;t i, v>.;\ iiijj mirror. Tin r.i".< from th" upper point cannot reach 
lliw* mirror uual r traversing a tube tilled with water; thi' ray.-i iVoiu llu; i^caud poiu' 
arrive at the mirror without meeting in their coitrso any other luediiim than the air. To bo 
more detiuite, we will •^iippoMO that the mirror, seen fronj rhn position the observer eecnpie>. 
turuH from the ri;,^lit tu the left. Well, if the theory of eniis>nou bo true; if li^ht be xuattrial, 
the uppor po.nf will appear to the, left of the lower point, ft will appear to tt$ rightf on the 
contrary, if li«^ht resultiS from the vibr it'ons of an ethen -il medium. 

** Instead of two ijiolated radiating p i ut."!, siippo>o that we iustautaneoUijiy present lo the 
mirror a vertical lunrinous line. The imago of the upper part of thi^ line will be forn)f d by 
nvi which havo traversed tho water ; tho image of the Iqwer port will result Irom the r»j<( 
which have throughout thHr whole course traverRcd the air. In the revolving mirror the 

imago of siag.e lim* inll appear broken; it will ho eoiiijx/se I of tiM VOrticul luuiitlOtUi 
WnoAt of two lincsf, which will not bo nrolou";atiout> of each other. 

"The Qjiper rectiliuear inmge, is it behind the one brlow 1 Does it unpv<ir to ifn left .' 

*' lAvht is a body. 

Docs tho contrary toko place Tho upp^ r imago, du .> it fchuw itjcU' ta the right .' 
" Light it an m»dulathn, 

"All that precedes ia th->iirrt:r'rdly, or rather ^pnpv.lntivcly exai-t. Xy.v. (and here is the 
<lciicato poiut,) it rcmain.i to pvuve that, uolwiihstauuing the prodigious velocity of light, 
that nottrithstMuling a velocity of l'JO,U00 miles a seconJ, that notwithstanding the, «maU 
length tluat we will bo oblii^'.il to give to the tuhr WWr^A v. idi lii|iiiJ, that uotwithstandiug the 
limited velocities of rotaiiua that tho mirrors will have, the eoinpaiiVtivo deviations of the 
two images, towards the right or towards tho left, of which I have demonstrated the exist* 
emce, wiU be pereeptibh) in our instruments.'' 

Arago then enters into tlio most minute dotaiU of all the parts of tlio experi- 
ment : the velocity of rotation tli;tt cuu bi* jriven to n, mirror, the visibility of 
the image I'ormt^d by liglit after !> iviti^ traversed llie ucccrisary Icn^j^th of liquid, 
the possibility of rediicin^ tii.iL leuglh of litjiiid, or the velocity of rotation of 
tihc mirror by employing nimiiltaneoasl^ several rotatiDg mirrors from whidi 
tho light woulU be sncco-'^ively reflected, and also in .subt^tituting for water 
bisulpliide of cirboti, Vvhiiib acts more powerfully on the vtdocily of ilif lifht, 
<ire, on h\A part, tbu objcctri of a tUorougU cxomlaatioti. IIu the:i termiuatc:? 
dm 3 : • 

Suppose iu the cxpcrimeut that I propose to oxocttte wo mako \x»'~i of ciectric »parka, or 
ef ligbts successively sereeupd and unscreened by the use of rotating diskd^ a» their emis- 

should onlyla-t tlnring a tew thoti-uri uh- .it a second, it may happ« n thai aa observer, 
looking in the mirror from a given direction, aud v. ith a tclojcupe of limited li. id, will only 
ehaaeo perceive the light. To this I immediately n^pl j that in reiiowing very often the 
apparitions of light — every sor.ou l, for example— that if, iusteaJ of a «ingli; mirror, we nitat<' 
a vertical prism of eight or of tea facL't^*. ttmt with the eoncuvrenc.- el" scvev.d ob.servers, 
placed in different directions, aud each with ui-. telescope, v. > cannot full to Iiav.> uumerous 
and clear apparitions of tht- i;^fl.'"*'ed rays. Ilut theac are dvtail-i ou whieh I nhall nut dwell 
u>-.iiay. 1 will reserve for another conmmuication the ('xpt>sitioa of the system of experi- 
ments in which wo will render .seusit)ie, and in which we will mea^uve^ to a certain degseei 
the til^oliUt 90loeitff of light without having recourse to celestial phcnumeua." 

After the publication of thit* rem irkable notieo wo could not doubt tlie suc- 
cess of the experiment it detailed. But, not to iat;!rrupt the chronological order, 
we ahouid speak iirat of an euti|vly di^ereat experiment, by which the dircdt 
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measure of the velocity of ligLt was first accomplidlicd ou tbe suifacc of ihe 
earth. 

MEASUUE OF THE Vr.LDC lTV <)1< LIGHT, BY 2,1. FIZEAU. 

If we refer to tin; first pages of tliis essay we will there sec indicated a very 
simple means that was fiis*t mentioned as suitable for the determination of rhe 
velocity of light, a method which woald certainly have long ago furnisheJ the 
value of that velocity if the transoiission of light in space was not effected 
irith such amazing velocity. It is this method, harely modified, thai M. Fizeau. 
has put into practice, and which he has rendered completely i?uccessful by 
employing a process as vsiinple as iii^^eniou? {Vir measuriug tlu; excessively short 
time that the light takes iu running over u diataucc of several kiiometies, or a 
few mOes. 

We have sapposed that two lamps, A aud B, were placed at a distance of 
several Icilometres from each other, and that we s<hnt off suddenly the light of 
A by means of a screen, then the very instant that the disap[)ein;ince uf the 
li^ht of the lamp A was perceived at 13, we screened ii likewise, the interval 
of time which elapsed between the instant that the lamp A was screened and 
that when the disappearance of the light of lamp B was perceived "at A la 
evidently the time employed by the light t • run over twice the distance which 
separates the lamps. M. Fixeau replaced tlu; lamp 15 by a mirror destined to 
rec(Mve aud to refieet porpendicularly to its surface the light of the other lamp. 
In this manner the observer stationed near the lamp A, and looking at the * 
mirror jnst spoken of, ongfat to see the image of the lamp A ; if this lamp is 
suddenly screened he should Fee its image disappear in the mirror, not imme- 
diately, but after a certain interval of time — that which the light takes to roil 
over double the distance of the lamp from the mirror. 

To measure the interval of time spoken of Fizeau made use of a disk 
toothed at its circumference like a cog-wheel, so that this disk presented on its 
periphery a succession of equal intervals alternately open and closed. If we 
rapidly turn such a disk in its plane and around its centre* the closed and 
open spaces formed by the cogs and the intervening openings will pass suc- 
cessively before the same point in space, and the time employed by each tODth 
or by each opening to come to the place previously occupied by a tooth or by 
an opening can easily bo reduced to a very small firaction of a second. In 
placing the a])paratus so that the teeth of the turning disk p<i>s in succession 
before the light of the lamp near the observer, these teeth will act like screena 
which periodically intercept the light. If the time employed by each opening 
to come to the place occupied by the next preceding cog or tooth is precisely 
tiiat requhed by the light to go from the lamp to the mirror and from the mir- 
ror hack again to the lamp, the observer, stationed quite near to this lamp and 
looking through the openings of the turning disk as they pass before his eye, 
ought to see through cacn opening the extinction of light caused by the 
passage ef tlio preceding tooth before the lamp. This eclipse of the lamp, 
produced during th*; whole time of the passage of the tooth before its light, is 
perceived by the observer during the whole time of the transit of the following 
opening ; and as the light of the lamp when it posses through an opening of 
the disk, after its reflection from the mirror, me 'ts th-^ tooth which is now in 
the place of this opening, it follows that the observta- does not perceive nt all 
the image of the lamp iu the mirror during all the time that the disk revolved 
with the special velodty with wliich we have supposed it oidowed. 

After what has jnst been said it is easily understood what will happen when* 
ihe apparatus adjusted, we commence by giving to the disk a gradually in- 
creasing velocity of rotation. The disk first turning with an extreme slowness, 
the observer, who has his eye cjuite near the side of the lamp and who looks 
in the direction of the mirror, sees the teeth and the openings of the disk sue. 
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cessivc'ly pa«« b;*f'nr - him; wlion iiu opening passe.-, tli* liglit of thy, himp 
passes througii, laii:j on tlie mirror, and comu^^ back to the eve iu passiti;^ 
througli the ^ame opening which has hardly been displaced during its pasange ; 
soon a. tooth presents itoelft the light of the lamp is intercepted, and the ere 
see? nothing mor<> ; a new opening foUowd the tooth, and the eye receives the 
liglit rcfU-i-tfd from thf inirror, tmd f^o on contiiinoti-ly ; the eyf, tliereforc, re- 
ceives the light in aJi iuicrni'itt-d ni luucr, wiih a seried of exiincti;»u8 caused 
by the passage of the teeth of the disk, if we increase the velociLy of rota- 
tion oi the disk these successive apparitions of the light are brought nearer 
wd nearer to each other, and as the impre;;:<ic>n <-uiscd by the light on the 
retina Lists some time, about the tenth of ;i s •eoud, after the light h is ceased 
to penetrate the eye, when the velocity <>i' ih.- lii-k is so great that each tooth 
takes less than one-tenlh of a second to pu8.-s Lfciore the eye, the sensation pro- 
duced by the light which has passed au opening has not yet vanished wheu 
the fallowing opening arrives and renews it ; therefore there is no intermption 
in the sensation, and the eye sees the light of the lamp reflected from the mir- 
ror without any intermission ; only the intcn^^ity of that permanent light which 
it perceives is notably weaker than it would Ijc if the teeth of the disk did not 
pass before the lamp, since the half of the light which it emits iu the direction 
sf the mirror is intercepted by the teeth which pass sncccssivdj before it. 
When this continuity in the light is obtained by a sufficient velocity of the 
disk, wc are yet far from the ])articular condition indicated above as giving the 
experiment which can s( rvo to determine the velocity of liprht ; the light whi( Ii 
passes from the lamp through jm opening of the di^k can be reflected from tin: 
muTor almost without loss, and return to strike the eye after having passed the 
same opening; the last portion of this light, that which is emitted when the 
Ibllowing tooth is on the point of passing before the eye, can alone be inter- 
cc-pted by this tooth when they return from the mirror to the eye. If wc still 
continup gradually to increase the velocity of the dipk, these last ])oiiions of 
the total light emitted through an opening which are intercepted in iheir return 
by the following tooth, increase little by little in importance relatively to that 
total qnantity of light, and in consequence the intensity of the light received 
by the eye gradually decreases. Finally, when the velocity of the disk has 
«,) i:ieit»nsfd that the time employed by its circumference to progress a distance 
iqual to the breadtli of an opening or of a tooth equals the time the light 
employs to go from the lamp to the mirror and back again to the lamp, the eye 
perceives nothing at all. The light sent by the hunp in the direction of tlio 
mirror is completely intercepted by- the teeth of the disk, as follows : half by 
the anterior OuOr? nf the^e teeth n- ihey pass before the lamp, and the other 
half by the posterior faces of these same teeth after the light, having traversed 
the openings, is ixjflccted back by the mirror. If wc increase yet moi*o the 
v^ity of rotation of the disk, each tooth passes too rapidly to intercept the 
whole of the returning light which passed through the preceding opening and 
was sent back by the mirror ; a portion of that light can therefore pass through 
the opening; whirh follows that tooth and strike the eye, which begins np:;;iin 
to perceive feebly the imap:e of the lamp in llic min'or. The velocity of the 
dish still increasing, the intensity of the image increases also until the disk 
tnms twice as rapidly as it did the niom<int the e}'(; perceived no light. Now, 
in fact, all the light which has passed through an opening meets ou it - return 
from the mirror the following opcnini;' Iiii di Ii;;.; taken the po; i:iou of the first, 
and it can enter the eye without the disk inteicepting the smallest portion. It 
ii easy to see that, b^ still adding to the velocity of the disk, the image of the 
lamp, seen by reflection in the mirror, agam commences to become faint, again 
to be totally eclipsed, to reappear again, and so on as far as it is possible to 
give increased velocities to the disk. If we observe with care the instant when, 
the first of th^e snooessive eclipses is completely prodnced, and if wo then 
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mcnsnre tlio velocity of rotation of tlic disk, vrc can easily calcnlato the time 
required by a tooth to take tln' f^:tme po^siiiou aa was just bi ton- occ i;piod by 
the next preceding opening ; and, as this time is precisely that ciupioyed by 
the light to nm o^er twice tho distance of the mirror from the lump, it is easy 
thence to dednee the value of the velocity of light. Such is, in principle, the 
mode of an-angement of the apparatus of M. Fizcau. We will now give snch 
an account of the details a?? will convey a clear idea of thi^ apparatus. 

In the explanation which precedes, we have supposed that the ey« of the 
obdcrvcr is placed very near the lamp and looks in the direction in which the 
lamp sends its light to the mirror, so that the incident ray, setting out from the 
lamp, and the reflected ray, coming bac||L fxom the mirror, to strike the eye, follow 
one and the same path. Siu L conditions seem very difficult to obtain ; but all 
difficulty disappears by Uf-in:^ a transparent ^hi^s plate, which, beinj^ inclined 
45 degrees on the direction of th(i iurauioua rays, rciiecta to a right angle a 
part of these rays from its surface, whilst the remaining portion trayersea H 
without change of direction. Snch a gla.-s plate being placed before the eye, 
Avith an inclination of 45 degrees on the line drawn from the eye to the min-or, 
the 1 nnj) ( in be placed laterally, so as to send its light on the ^la^s perpen- 
dicularly to that line; the glass reflects towards the mirror a portion of the 
light it thus receives from the lamp ; that light, after being reflected* retnrns 
to the glass plate, part of which passes through it to reach the eye. 

Bays of light which emanate from a luminous source diverge to all pointa 
around their place of oriprin ; it follows that the farther a given surface is from 
the source of light, the less it must receive. If we therefore do not adopt i^ome 
particular means in the experiment wc are engaged in, ihc mirror, pUiced at 
several kilometres from the lamp, will receive only an instgnificnnt quantity of 
light; moreover, only a very small part of that light v. ill come back to strike 
on the eye, so that we %Yould really perceive nothing. In order tliat the light 
^may not thus be lo,-<t in Hurroinuling apace by the divergence of its rayp. v.-e 
employ converging lenses placed one near the eource of light and tho other 
near the mirror. These lenses are so disposed that the rays radiating from 
the lamp, nfltcr having traversed the first lens, become parallel and form a 
beam which falls without loss upon the second lens; after having passed 
through the second lens and converged towards its focus, wliere is placed the 
minor, they are reflected, come back to the lens, which renders them anew 
jgarallel for their return to the point of" departure ; then they pass through the 
iirst lens, which causes them again to converge, and finally they are viewed 
by the eye aided with an ocular. In fact, the two converging lenses of which 
we ppeak are objective.- of two telescopes placed at the two extremities of tlic 
distance over which the light travels, and directed towards each other so th:U 
the image formed by the objective of the one is sccu at the focus of the other. 
It is in the interior of the &r8t telescope, between the focus and the ocoular, 
that is placed the transparent glass plate inclined 45 degrees, of which we 
spoke above, to receive and to reflect along the axis of the telescope the light 
of a lamp placed on the side. As to the mirror ■which Fends back the light 
,to its point of departure, we place it exactly at the focus of the second tele- 
scope. At. Fizcau, in his notice read before the Academy of Sciences, (meeting 
of July 23, 1849,) says : 

** This arrangement snccecds very well, even when the telcscojjcs are goparated by con- 
fiiderablii distances. Wiiii (ek-stcpos of G centimetros inchesj aperture, the c3i.stant'0 can 
be 8 kilometres (nearly 5 miles) without the lio:ht bccomiu<^ too Iceble. Wu thus see a 
Iwmnou* point like a star, and formed by the light, which, setting out from this point, has 
t"i>.v( I u distance of Hi kilomotivs, (nearly lu miles,) tbea retained and passed exact^ 
through the same point to reach tiro eye. 

**It is exactly aft this pomt fhst the teeth of the revohiiifi^ disk mtut pass to prodnee the 
effects spoken of. Tho experiment succeeds very well, and wc obscrro that, a?co.diiif^ to the 
greater or letis velocity of rotation, the luminous point shines brilliantly or is tutolij eclipsed. 
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In the circumstances !n which the experunpnt was made, tha &ttt ec]ip8e was produced in 
about, ttttlve turns and six-tenths of a Iwm in ooe second. With double the vclocitj the star 
ahincH again: witli a triple v( locitj ft secoiul eclipse takcB place; for s ^piadrapie velodtj 
tbo poiuk slUnes agaiut aud j»o on. 

The firat tehscmpe was plaoed on IIm tomee of ft house at Snnsnes, near Paris ; the 
sc c(nid un the heights of Montinaxtret ftt an approxiinate distance of veins, (98,5ilQ 
ftKtt, or 5.:iG45 miles.) 

'*Thoi£Blc, canying 7*20 teeth, was attached to wheel-work moved by weights, and con- 
8tntctc<1 by M. I'txitix-nt ; a register g'uvo tlio n Timber of revoladons* The lij^ht was obtained 
firom u iauip 80 di.spu.scd to give a very iiii^ht bcain." 

M. Fizcan. by repeating several times his experiment, found for the velocity 
of light a value which ditfercd but little from that previously deduced from 
Mtronomical phenomena ; the meiui of twenty-eight observations gave him a 
▼elocitj of 70,948 leagaea of 25 to the degree, or of about 315,000 kilometres 
(195,741 miles) in one second of time. ' * 

The publication of this maj*nificent experiment was an event in science. 
The project developed by Arago before the Academy, in 1838, had aiiown the 
possibility of rendering appreciable the progressive transmission of light in 
space, and demonstrated that it "would have to run over but a very short dis*' 
ten CO on tbe earth's Burfiiee to determine thus its velocity. The experiment 
Df ^I. Fizean, formed on an entircily different plan, realized for tlie i'n^i time 
so daring an idea, and I'urnished at tlie Hamc tiiiie a detcrmiuation of the ve- 
locity of light, whose agreement with that which astronomers had arrived at 
I from sidereal observations was as satisfactory as one eould desire for a first 
attempt of llie kind.* 

BBALIZATION OF Til 111 KXi'liltiMENT OF ARAiiO, 0.\ UNK HAND BY M. FOUCAULT, 
ON THH OTHER BY MM. l l/i;AU AND BRfiCUET. 

For nearly eleven years the proposed rxperimcnt of Arag'o had remained arf 
an ingenious suggestion when the labors of Fi/.eau uwakeiic-d the interest 
of tlte learned world in problems of this nature. Some months later (meeting' 
of April 29, 1850) Arago again requested for it the attention of the Academy. 
After having referred to the object of the notice printed in the Comie Jlatdut 
of the meeting of December 3, 1838. he added : 

'*That rommunicatiou established that, ncn uling to rca']ily iuluuttct] l«yiM»thfses a.s (o 
the angular deviatiou(» Huscepiiblo of being observed iu au ordiuury toleiicope, it would not 
be impossible to determme the oomparatiTe velocity of light hi bistuphide oi carbon and in 
air, witliout having recourse to an extreme length of tubf, or to a mirror, innkinp- more than 
1,000 turns in a second. But the iniiror which M. Wbeut^tone u^ed made ouiy iiiiO turns in 
the tame interval of time. 

"It was evident tb;t* in il l ; iiicthoil oi' olj^^eivation, ami I'mv a g-Ivcn ntig'nlar dcviatioii, the 
length ut lube contaunu;; ihv. liquid oughi to be so ruuch a.e .sliuncr, iLi tliu moveuieut, of 
rotation of the miiTur is more rapid. This is the rca»ou I ]>roposo to add to this deviating 
motion uf rotation, which cannot soxpass certain limits, a combination of several revolviog 
intrrora. 

'*Thc two i-ays (ouo having traversed tho liquid, the other Jho air) strike the first mirror, 
anu iorm a ccrtaiu angle ; ttiis augto is doubled when tho rays fall upon a second mirror 
turning iu tho same direction with tho same velocity ; tho angle is tripled if these rays are 
relietted froui a third revolving minor, und so on. We cuu thus, by tlui inultipUcation of 
the ficvolviug mirroRji, arrive at the some result given by a single mirror taming with a 
donbfe, triple, &,c., velocity of that which it is possible to obtain with the certainty of not 
dct'tioylug the teeth of tho \vh(r], or urovfrlR';ii',:>;i; tin' axi.-^. 

"My iiiend, M. Br6guct, jr.. uudurtook to ai ro upli.^li this cud by means of a mechanism, 
in which the commnnicadon of motion was rriwu by wheel-work. He executed ft ^paeial 
arrnngeaient of fOfj-wliet'ls, tliiMiiventiou ol" wli'.ch is due to Vv Iiito. AtOUSOf tkehmner 
indujitrial exhibitions couid bo seen the system ot these moveuieuis. 



* It was for this experiment of Soresnea that tho Institute of France awarded to M. Fizeau, 
'at its annual meeting of 1856, the trienidal pritce of thirty thousand francs, ibunded by the 
Eujpciur for t/ic trurh or the (Itscotery tchich, tu the cpimion 0/ ike fiee'iuademict qf lAsiMti- 
ttUCf has done moat honor aud seroUe to the country. 
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"lu observing tli ' invx'^c r. !]- rfeJ by tli • m^tror attaclied to the third piecj of wlioeUwork. 
the effects observed .sUuu.d be idi-ntical wiih those which should be jj^iven hy r renilvin* 
mirror making 3,(KX) turns p; r wicoud. From this luoinout the ruccx's3 of iho projected 
exporiuaent wajj pkced beyoud doubt. It wah only to boregjettcd thait^ by the three suc- 
cessive retiec-tious from three different niaroi.s. the li;^ht noces-ariiy experienced a COtUftd^a- 
b'lC loss in intensity. It wtw, iheieioro, desriilie to mnw at tho n >nU \>y a single reflection* 
and it is4o this that the e.KpeniuenU wluch X am going U>.,reliUe seem to lead. 

"In his investigations into theeaases whieh prevented oa Jovolving a mirror moro than 
],0(«> turns i)er second. M. I'.u-i' Ui ; pro]).i>e l to i( !.( \c tht; hist axis of the weijrht itf the 
mh-'.-or with w hich it was churgud, to tum ib^ axis uloau; and he succeeded, not without 
Mi liiiso, in giving to this axis 8,000 turns per second. Tho obstacle which pravented as 
giving' tlio same axis, when it carried tin in ror, h velocity greater than 1,0<H) turns per 
»ecund appeat^ evident. It waa, one would tluuk. tho losisiaace of the air. 1 uiysell" 
thought of the existence of that can^e, and all our Ihoogfa s were duvctcd to the means ol^ 
ri'Volvin<:r the mirror in a vacaum. W.' iiriPao;lia^clv ojnrfuucted a motaliic rwf^iver de^ttned 
to hold the revolving appaiaiUH. Thii» receiver liad several i^rtures, ut winch one was to 
give entrance to the rays of lijjht after having traversed tho two columns of air and of liquid. 
Before the o-hcvs wcvv to ]> ' the objectives of the lelesoopc^. with which to olji<crvo tho 
ntys rellocted by iht> r<>;;i:iag minor, tho neces-iiary conunuuicuciuna were established by 
means of 8tuffing-boxe^ between the apparatus and the driiring weight. A special tnba pot 
the interior of the receiver in commnnicatiou with an air-pump. 

*' AU was arranged and placed upuu n s oue column in tho m*ridut* room of the observa- 
tory. It only remained to mafco the ol J < va ion. **•»**• Tiie 
mirror, contiadicimg all our anticpations, turned hardly any faster in tliA vacuum tlian iu 
the air. This circumstance again showed the trnth of the proverb, "Le mieox est Fenneml 
du bien:" (iietter is tho enemy of good enough.) it waa necessary to think of return- 
ing to the tirst apparatus composed of three pieces of wheel- work and of thice separate 
mirrors, the apparatus which I had given up only to obtain a greater intensity in the 
•j I'tlfcrrd ruy. 

"1 was conviucad of tlie necessity of going back to the first method of expcriaient at tho 
time wlaen my en&ehled nght would not allow me to ondertalto it. My pretensaeas, thera- 

fore, ought to be limited to having proposed th jiiub!* ui, and of having given the certain 
means of solving it. These means may, during its ticcomulibhmeut, experience moditica- 
tions, which wUlrender them appUcahle, wi^ more or less laeility, without changing their 
essential chaiactor." 

Afl»r some dctaila, whieh it is adcless to give here, Aragu adds : 

**As to myself, if I have delayed a long time the realization of that wbiob I had announced 

that h.i.s been owir"^ in !arf,''o p:irt to the obligatiunn u hii h M. Breq'iift, my collaborator, had 
voutrac:ei.l with tln' goverumeut for the suppty ol cluciiic telegmptis, and to tho desire that I 
ha<l to operate, m I have abeady said, with a mirror making d,OiH) turns per second. 

" I'rolfahly, al>o, I may remain Con?f*nt v.'it'a tlu' tliort;j,!it that no one will rxecntr, •^vitb- 
uuc iuy auihui iiiaaun, uu experiment luuuded uu iniucipiea and methods of executioa wkich 
1 have exposed to the world in their most minute details. 

" M. llessci, after my iniyilicii'iou in tho Cumptc lUudu, atinounced to nie that he had 
thought of a modification of uiy apparatus compo>ed of tlirec taiccessive pieces of wheel- 
work, each cariying a mirror. Ho receives the image reflected by the first rotating inirror 
not npon a second revolving minor, but upon a lixed min'or, which sends tho ray back to 
the first minor. After this second retlection, the rays i^ll again npon a fixed mirror, from 
which they are reflected a third time to the turaiug ma ror, «Sic. it is atter the last reflection 
irom the single rovolvinor mirror that M. Bessel proposes to measure the angular dt^parturo 
of the ray. This methtra, moro simple than the one i proposed, in so far as it required only 
one pii ( 0 of wheel-work, had the very gravi' incou v euience of diiiiiuishiiit^ much more the 
light, siuue ho had mora retiectious from tho mirrors than in, the other method. « • * 

**JM. Silbermann, without knowledge of the prior communication of M. Vessel, made me 
a proposition similar to that of the illttBtrioas observer of Koenigsberg. 

% ♦ ♦ « • • • • , m ^* 

Thiojil^ were in tins state when If. Fineaa deterndned by his so ingenions experiment 

the velocity of light in the atmosphere. Thut experiment was not indicated in iny memoir, 
riie author, therefore, had the right to make it without exposing ]ii;n;eif to thy slightest 
reproach for want of due consideration of the rights of others. 

"As to the experiment on the cotnjinrativo velocity of light in a liquid and in air, tbf^ 
author wrote to me: hucc not mt made any attempt in that direction, and I iciil not 
oeeupp m^i^f tcith it but on yoar formal invitation. This loj al reserve could only add to 
the eriH i-iii with which t!i;' clinnir'ter nnd the works of M. I'l-a-an Lad insjitred me, and X 
wiilingly authorized M. iiiegucL tu leu J liiux one or several of uiy rotuiiug uiiviors. 

"M. FoiicauU, whose inventive genius is well known to the Academy, came also to 
inform me ui the desire he had to submit to tiie test of experiment a modltication whick ko 
had devked in my apparatus. 
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" 1 c an only, in the present coDdiiion of my sight, accompany witli my good wishes the 
eocpuiiuiMitera who desire to follow mv ideas, and to add a new proof in favor of the ware 
sy«t«*ai Id thst whUsb I Imtb dodnoed irom a phettafmsnon of intemienoe too well knowri to 
physkkts to need ncdling here." 

Tlio communication of Arago, of which we have hero given the principal parts, 

was liardly printed in the Comjdc Rendu, (ff the meeting of April 29, 1850, 
when the Academy rocoived, at the following nii'on'ni,', (May 6.) two iinpf»rtant 
coramunications on thid subject, one of M. Foucauit, the other of MM, ± izeau 
and Brcguet. M. Foucault aunouuccd that he had realized with entire success 
the boantifiil experiment projected by Anigo;* ho mode known at the same 
time the modificationB he had given to the mode of arrangement indicat< d by 
Iho illnstrious pcrpotu:iI secretary of the Acuu rav, n modification which had 
allowed him to arrive at this important resuh, whicii y^nvo. rntire evidence of 
the trutli of the theory of undulation as opposed to that of emission. MM. 
Fizean and Br^gnet had not progi essed so fai* ; they announced to the Academy 
that their apparatus was adjusted and ready to work, ond also showed in what 
this apparatus differed from the original aiTangement of Ai.igo. Finally, a 
few weeks later, June 17, they returned to annonncn to the Academy that r 
they likewise on their part hud made this remarkable experiment ; th ' result, 
agrecuig with that of M. Foucault, was in favor of the theory of uialulation. 

Two important modifications had been made by M. Fonoault in the arrange- 
ment of Arago's apparatus. The Brst of tliese changes had for its object to 
rcndor the realization of the oxperinu nt incomp irnbly e^asier. It is reniem- 
b< red that, in the experiment of Arago, the light had to set out, so to say, 
iustautuneously from two luminous points, or rather from a liuninous Hue 
shining only during an cxeessively short time ; that one beam of that light, 
after having tm^ elK d in the air, and the other beam in a liquid, were to fall 
upon a mirror endo>v* -d ivith an (jxcessively rapid movement of rotation ; tliiit, 
finally, after being rcHectcd from tlii' turrtin!:^ mirror, they should arrive jit tlie^ 
eye of the observer, furnished lor that purpose m itli a good teie>«copc. The 
diiX'Ctiou of the my could very easily be determined in advance, since it was 
tliat of aline goiog from the source of light to tho mirror; but it is not the 
same with the direction of tho reflected rays which depend essentially upon 
thf" porJition occupied by the mirror at tlio iIl^ltant the reflection lakos plncc, and 
ay the i:n,'!ion of the mirror and tlif rnlhci i ni <if tho luminous rays from its 
surface are independent of each other, it is only by chance that the mirror 
would be found in such and such a position ; the observer, therefore, cannot 
know in what direction he should place his teleacope in order to receive the 
luminous rays after their reflection. To obviate that difficulty Arago supposed 
that the observer, being stat^nod ar»ywhf^re in the space tho rotlected rays 
could reach, and having directed his telescope tov/ards tho revolving mirror, 
would successively repeat a great number of times tho instantaneous cmisi»ion 
of ligh*- towards uie rotating mirror, so tluU the rays from each of these emis- 
sions beiug reflected from the mirror when in different positions, there necessa- 
rily v/onld b(^ pome which would fall upon the objfctive of the telescope and 
thus r(>ach tlio eye oi' tin- nb?orver. It was theri'toro a fugitive phcnomonon 
which the revolving mirror projected at each instant into the surrounding 
space, sometimes in one direction, sometimes in another, and which by chance, 
from time to time, would strike the telescope of the observer. It was to mul- 
tiply the cliancos of observation of this fugitive phenomenon that Arago, at 
the end of lii.s comuiunication of 1S38, spoke of substituting for the .^ing-lo 
mirror a vertical prism of eight or ten facets, and to employ at the same time 
several observers placed in different positions, and each provided with a 



* See, at the end of this essay, the article published by lA. Foacanlt, in the Journal des 
JMtalSfOf May4,1860. 
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teleseope. loatead of *tbat, M. Foncanlt modified the inBtrameiit so fbat the 
r^eeted rays wldcli ehoald reacli the eye of tbo observer quitted the revolving 

mirror in one direction, determined bt-foieliand, so that the observer cnnld sta- 
tion himself so as to receive conveniently all the; rt-Ht'ctiid rays without ieavitijx 
anything to chance. To accomplish this the light ii*om the luminous object 
fell upon the xevt>lyin| mirror, not in an intermittent manner, hnt eonthraemsly, 
80 that it was reflected in all directions aronnd ita axis ; in one of tlicse direc- 
tions the reflected light met a fixed mirror on which it fell perpendicularly, 
and which caused it to return over ita path in sending it again to the rotating 
mirror ; tliere it expeiitioced a new reflectiou which sent it to the luminous 
object whence it set out. It was, therefore, near that object that the observer, 
placed his eye to leceive the reflected raye, rajs whieh, fi>r coiiTenienee, M. 
Foucatilk turned to one side by means of a tran.^parent plate of glass inelinod 
45 de<:^rees, similar to that which IM. Fizcan had employed in his exppriment 
of Suresnes. The ioUowiug arc the words of M. Fooeouit in doscri|>iug his 
apparatus : 

*'A direct ray ot light, penetrating a squaro opening, meets, very near the aperture, a reti- 
cule of el«V<ni Tttrtietil wires of platinum to the millimetre, (.0:il)37 of an inch;) thence it 
passes towards an excellent achroinatic leus of loug focus, placed at a distance from the 
leticulo iuiis than double the pnncipal focal tli>tauce. The nnagc of the reticule of greater 
or lees dim(nsion$ would berormed on the other side, but, alter having t^ave^^ed thu lens, 
the pencil, before its converp;eTife at the focus, falls upon the sui face of the revolviu^ mirror, 
and, auiuialcd with an angular iuoti«>n double that of the mirror, it foiuis iu space au image 
of the vert'cal wires* which is displaced with great xafiiditj. During a suiall poi tlun of its 
it-volution this image meets the suifaco of a concave mirror, whose centre of curvature coin- 
cides with the centit) of figure and the axis of rotation of the revolving mirror, and, durlug 
all the time it passes over its surface, the light which has concturcd to form it retraces ita 
path and laUs upon the reticule itself, producing tliere its image, equal to it in size. In order 
to observe this image without shutting out the original beam, we place obliquely to the beam 
of light, near the reticule, between it and the object glass, a glass |)lato, and we obterve with 
a powerful ocular the imago tbiown to one side. * • * pbo nucior, iu revolving, caoaec 
this im«g« to reappear at each levolation, and, if the Telocity of the motioi of rotetioa is 
uniform, it remains imiuovnWe in t^paco. For ve'ocities wliicn do not surpass thirty turns 
per second, its sticcossive apparitions are more or less distinct, but over thirty toros give a 
persiatenoe to the inipresslona on the eyey and the image appeara abaohitety roted. 

" It is e asy to demonstrate that the mirror, in rovo vinj^ w ith {greater or lc?s rapidity, will 
displace this image in the diro(^a of the motion of rotation. In lact, the light winch passes 
between the wires of the reticule does not return to the wires until it has received from tim 
i-evolving mirror two 1 L-flections, separated by the time it takes to nm over double llu^ path 
from the revolving minor to the concave miiror. But, if he mirror revolves very iast, this 
time taken by the light to go and come back, even over the Small length of 4 metres, (13.13 
feet,) cannot be rejrjiiiled as iriappreciable, and the mirror has had tbo time to changu sen- 
sibly ii^ positiuu, wliich is shown by tho change of position iu the imago formed by the re- 
turning beam. Rigorously speaking, this effect takes place as soon as the mirror turns, even 
slowly; but it canuot bo observed until the minor has *cquired a cerfain viloclty, and only 
when wo employ cert.iin precautions iu tho exjierimeuL All my etl'orts have tended to render 
this deviation as apparent as possible. 

"Tho principal obstacle to surmount is that, in so complicated a path, tho light ciumot 
converge to tho focus in a neat, clear^mage. The deadening which the pencil experiences, 
in being reflected twice from a turning mirror of small surface, necessarily destroys the nicety 
of the imagei and produces in its contour an unavoidable mistiness. It is for this reason that 
we have chosen for sooroe of 'ligfat the equi-distant linear spaces between the wires of a very 
fino net. Although the image obtained is never clear, yet it is presented under th-- form of €k 
nrstem of white uid black stripesy similar to colorless diffraction bands, each having a well- 
defined mazimtun and a minimnm of light Like the wires of the net, these Imnmons or 
obscuio spaces are distant from each other one-eleventh of a millimetre, (a miUiuiotrr etiuala 
.O'JU'il ot an inch,) and if, to observe them, wc place in the occular a micrometer divided iuto. 
tenths of a millimetre, the two systems of lines will operate, by thdr Tslativo d:sp.acementa» ' 
as a vernier, and will permit us to measure in the imagei with certainty, a displacement of 
the one lumdredth of a millimetre. 

"After the known velocity of liQ^ht, with au objective of 2 metres (6.56 fiaet) fiicas, and in 
using the double path of 4 metres, feet,) we find that we uced not pivo to the mirror 

au extreme velocity (six or eight hundred revolutions per secoud; iu order to obtain dispiuce- 
meuts of two uid three-tenths of a millimetre. # • • • • « 

"Such is the construction of the optical appr^nfns which ha.*? permitted me to show the 
sueoessive propagation of luminous rays. My iu&i attempts succeeded in the air with ik 
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a^mr xfhivh mnde only tw«nt3r4lT« to iSbSsiy tnrna p«r Moond, Ae length of the d<mblfl pttlfa 

being fcmr itiuli'f.s. 

*• lu Older to make the expcrimeut with water, we Imveoul/ to place between the revolving 
mirror luid the concave minor a oolnmn of this liquid, held between two parallel plates or 
ginss In a conicai iiu ti'.lii*' tubf, varaished ins!(k' wi li copal, so that the WMtcr would rrmiiin 
dear, ui take the ut-cu>buiy precautious thui the tunumui plates are not strciiueU in their fntuiet$, 
»cd to obviate the inconvenie^iro of the change ot'lbc-us the intorpositkm of a liquid layer 
of :> liu tics (5> 84 I'ect; thickii' ss, having paral el suilaces. In the mJ wr .succeed d in easily 
ol».'a.;inng. with tho (eeb u uud gicea ray which has tntversed the u aLer, au iuiago m distinct 
&« (hut which is ibixDOd withou! the interposition of the liquid. Therefore it is required but 
to tuni The mirror and to uicasunj with precision its velocity of rotation if we Lle>iie Id 'lednco 
the absolute vc.outies in air and in water, or to operate simuliaueously ou these two luttdiu 
if vu Yfuit to know only the chmaeter sad difference of these Tolocities*" 

The second modification introdnood bj If. Foneanltt in the arrangement of 
the apparatns Arago proposed (o employ, waa in reference to the means of giving^ 

to the rr volviiif^ mirror an extremely rapid movrmpnt of rotation and of keep- 
ing' n[) llii.s iiiotiuu a pufiicient len<;th of time. In the apparatus of Arago, M. 
lireguet produced this movement of rotation hy means of wheels with obli(][ue 
teeth revolving nnder the action of a weight. M« Fonoault Bubstituted the 
direct action of steam, evolved at a certain preBsnre froiy a Bteam*boiler, on a 
little turbine iltted to the aada cairjing^ the mirror. The much greater simpli- 
city of this rotating mechanism offered r&ey notable advantages in the ezecntbn 
of the experiments. 

In iiic^ coiumuiiicHtiou to the Academy, M. Foucaiilt thiiti announced the re- 
sults he had already obtained ; 

'• Ju cuutiuiug myself to the determinations of the velocity (of the mirror) by the sound, 
^produced by the ac.tiou of tiu* steam on the little turbine,) as I have alu';!<i y proved by two 
successive observations that tJw deviation of the image ajUr the passoge of the Uglit through 
the air is Uss than after its pas.^age through the teater, I have also tnade another conlirmatoi v 
experiment, uiiich consists in observing- the image formed in part by tl;o lii,'Iit which ha*s 
iraverBed the air, and in part by the light whieh has traversed the water. During low 
vekeitiefl the stripen of the compoand image were sensibly the continiiatiens of each other^ • 
ar.d. ly the ua rlcmtlon of thi inori vicnt of rotation, the inui<re is curried tj one siilc, ttnd the 
stripes are broken at the boundary anc, at the jmmctioH of the air iamge with the water imagCf 
the stripes of the koter Being in advance in the dfaeetion of ihB common deviation. HoreoTor. 
in taking inl-) account the lengths of air and water traversed, the deviations were .seen to bo 
jproportional tu the indices of refraction. These results demonstrate a velocity of light less in 
tssfer than in atr, and folly eoafirm, accoiding to the views of Arago, the indications of the 
theory of nnduUttions**' 

M. Fizeau, on hiB part, made to the Academy of Sciences, in the same meet- 

inp: of tlic 6th of May, the point to which ho and M. 15rej;ttet had arrlviid in 
their iiltcinpts to attain tiie same re sult. We reproduce hero hid commiiQicatiou 
in full, taken from the Compfc rendu of the meeting : 

We have undettakcn to realize the iiuportant experiment of which M. Arago spoke to 
the Academy at its last meeting, and which he is not able to undertake at this moment on 
account ct* t lie fci-ble euuditlon of his tight. 

**Tbe rotary apparatus of il, lireguet carries a small mirror of 12 millimetres (.47.2 of an 
inch) in diameter, to which can bo given a velocity of nearly ij.OOO turns per second, and 
which easily niu!;( ,s 1,2U0 or 1,500 revolution.'^. 

**The optical arrangement that we employ is foimdcd on the return of the rays ou them- 
selves, produced by means of a pcrpenmeuiar reflectfon: this is the arrang^ent which I 
described in a preceding woj k. 

•*Tho light cniacating Irum a lutuiuous image, formed at I lie focus of the telcscopo. 
frarerses the objective, meets the revolving mirror, and is reiioLted normally from a fixed 
iTunor: then comes biudc to the revolving mixriMr, trttvaraes the object glasst and returns 
tinally to the focus. 

"The phraomenoa produced by the rotation oonsist.s in the deviation of the retnm-image, 
which is a ])ernianent i!n:!p;e resulting from the very rapid succession of iusiiintancouH ^iapor- 
po^d iuiageii; the deviauou icsuitrf from the augulur movemont made by tho revolving 
mirror, whilst the light runs over doable the distance which separates it from the fixed 
mirrur. After having ob.^erved tho deviations in air for distances wliich were varied, so ns 
tu obtain tho greatest intensity of light and the best definition possible, we arranged the 
esq^crimenk so as to observe simultaneoudy the oonosponding deviations of water and of air* 
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For oqnal leni^ths of the two media the ratio of tbe two doriBtions should bo, oftor ono or tlie 
other of the tboories of li«?ht, either } or ij. 

"But, instca<J of takiiig' oqiial lengths, wo cau takii theui i^o ibat they will ]y.^ for tho 
water and for the. nir in tho nitio ot 4 to 3. Aceonifa^^ to the theory of cmi:« sion, titoso 
lengths are I)! valfnt, or are run over in rqunl timc^, anJ th-^ deviations ,-<li >iild bo eq'iH!. 
According to the theory oi undulations, on the contrary, those lengths should be run over in 
very diD'crciit timeSt whit^h aro for water and for air ia the ratio of L6 to 9, and tin deviatioiiti 
ahould ho in the same ratio 

"We have, therefore, adopted tor water a length oi' 3 ni 'tros, (i) faot 10.11 hiKhci,) iiiul 
for air a length of metres, (7 feet '1.5S inclies.) 

The esperimeat made aimtUtanenusly ou tho two uoedia bocomea a very delicate di^fevea* 
tlal experiment* in whiefa it it not necessary to know exactly tho v(;Iocity of rotation of the 
miiTDi'. We have only to compare ilie simultaue<>us d:'viat'oiis of tlie two image-. 

"The upjf>aratas is entirely con^tructedi bat the condition of tho atmosphere has not yet 
allowed vb to make tho obeerration, and these experiments reqnire s<f inteneo a Kgfat that it 
is not possible to 8ub.stituto for tho sir.i's riiy.s artitieial light, if tiie sky h)id been cloudloss 
yesterday or to-day, we would iiuvo been ubJo to havo preaoutud to-day the ro:iuit to the 
Academy. If our cxperimetita are not jqI accumplishod, it is becaow vvc wttitod uatil 
Arago should authorizo as to engage in r^oarclies which bclonj^ to iiim." 

Six week.!? later, as wo Itavc already said* MM. Fizi^nu lud BrJgact announced 

to the Acadi'my (meeting of 17th JTune, 1850) tin; complete succes:} of their 
expei'jjiU'ut. 'I'li'jy oht.iincd very noat r(-.<ult > : the pheiiometi;\ obr^erved were 
altogether in accord with the theory of uiidtilatiou, and evideiitij opposed ta 
the theory of cmiBdion. 

Thus die beantifol experimeDt of Arago wa« doubly rt^alized. That whldi 
had specially facilitated the success of this expcrim<}ut, and given a ^rreat pre- 
ciBiou to the obscrviitiou oi' th;) phenomena produced, v/:!* the moditiciitioii of 
the original arraiii^emeut iu> indicated by Ara^ro, a moililioitinn. which had for 
itb object to replace the fugitive ima^e ob^served only by chance iu a given 
diMcdon* by a permatient image produced in a determinate place> whcro we' 
oan ofasenre it with precision and at our e :> . M. Foticault rightly attached a 
great importance to that modilicnrion, aud iu the communication to the Academy, 
the tith May» 18^0> he claimed its inveation in tho."?c terms : 

"Tlii;? ir.cmair has aI.<o fin- i*'^ r^'n -f to f'x flio date of a scries of appliMtiotis of the xxew 
aic'lliud, wlikh eun.sisrs <s.>euti;iliy in (he ubscrcation of the fixed image of a moving image.'''' 

But we may sec in the communication of 31, Fizeaii, which wc are about to 
reproduce, that, iu the apparatus which he had devised with M. Brdguet for 
the execution of the e^eriment^ the same modification is fetind introduced. 
We there read in &et : 

The optical arrangement ia founded on <fie roCara 

4)f the rays ou tAeaiM^vev, froiueed bff meant qf a perpendieiUar n;fieeHon.** 

. And farther on : 

" The pbciionii uuu pnidueed hy tli • lot ifiou cousi.sts in the deviation of tho image in its 
returU) toktch is a permatuiU ima^e resuUiug f/om the wry rapid succettion of iii»tttntauei>»$ 
sufwpoMd images." 

M. Fizeau even refers this modiiicatiuu to tho arrougemcat ho had adopted iu 
his beantifol experiment of Suresnes, for in speskin^of the return of the lays 
•on themselves, produced by means of a pcrpendicuhur reflection, he adds : " This 
is the arrangement which I have described iu a preceding work." The coQ^ 
mnnication of the notices of MM. Voiicaiilt and Fizcati, at the same aendrrafc 
meeting, constitutes a simultaneous publication which docjj not allow the .-^lightf st 
priority to be established between them on tliii subject ; but M. i uucault took 
caie to asQnre that nriority in publishing two days in advance* in a politioal 
jonrnal, the detailea description of his apparatus.* That which belongs essen* 



* See, at the end of the wuj, ths article pnbfiihed bj U. Fouemlt, in tha JmnwZ d«$ 
DdMU fd A, 1^ 
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tially to M. Foucault ib the substitution of the Bteain turbiue in place of the 
wheel-work employed by M. Brcjguet to rapidly turu the minod , and that raodi- 
ficatton has also a gfeat importance on account of the focility it gives to yarsr 
the veJocity of the mirror^ to re<^alate itf and to maintain it ata umom velocity 
daring as lo^g a time as we wish. 

MEASURE OF THE VELOCITY OF LIGHT, BY M. FOUCAULT. 

* 

The apparatus which Bervcd M. Foucault to determine that light movee faster 
in air than in water was not devised solely for that conlparative experiment; 
its principal object was to furnish the absolute value of the velocity of light. 
It was in. this point of view that M. Foucault brought it forward in 1850» in 
indicating in a precise manner the means trhieli he proposed to employ in order 
to arrive at a certain precision in that measure. 

We have seen that in tins apparatus the return of tlio rays upon themselves 
gives place to the formation of a permunont image ^vhicll is displaced trans- . 
vei'sely by a cj^uantity so much the greater as the revolving mirror turns more 
rapidly. The measnre of this dis{»laoement of the image can make known the 
quantity the miiror has tamed during the interval of two sneeessive reflections 
of light from its surfiice in going and in returning — that is to say, while the light 
had run over twice the dist iTUM' of the revolviuj; mirror from the fixed mirror; 
it is therefore sufficient to know exactly the velocity of rotation of the miiror 
in order to deduce the time elapsed between these two successive reflections— 
that is to say, the time employed by the light to make double the jonmej finom 
the turning to the fixed mirror* and consequently the value of the velocity of 
light. 

The following ia the very ingenious method by which M. Foucault was 
eu.'wiiid to determine exactly this velocity of rotation, or rather so to adjust the 
motion that the mirror can oe made to turn with a velocity determined before> 
hand. 

A wheel-work mechanism pvos a uniform movement of rotation to a disk, 
toothed liko a circular saw. This disk makes exactly one turn in one second. 
The teeth which arm its contour, and which arc accurately cut equidistant, are 
to the number of 400 ; so that the time employed by one of these teeth to take 
the place of the <me which has preceded it is exactly the ^J^th part of a second. 
We so place the wheel that its border cuts the plane of the field of view of the 
m erof^cojx* wiih wiiicti we observe the return imag-e from the mirror. If this 
field weie continuously iUuminated, the teeth of the di.sk would appear to pass 
before the eye with the velocity of their motion; but it is not thus. The light 
only comes to the field of the microedope at the instant a reflection takes place 
irom the revolving mirror; this field, and consequently the border of the toothed 
disk, are only illuminated by Bucccr^sivc ILishes of light, and tho.sc flashes are 
• governed by tht; rotation of the mirror, which at each revolution sends ravs 
into the interior of the microscopes. If the mirror makes exactly 400 tmns 
per second, then the interval between two successive illominatioos of the field 
of the microscope is exactly equal to the time employed by each tooth to take 
the place of that which preceded it; tliat at the moment of the successive 
flluminations we always ^ee a tooth of fli disk in the same point of the field 
of view : the disk appears absolutely imiuot able. Suppose now that the mir- 
ror makes a KtUe less than 400 turns per .-ccond ; whilst it makes a revolution, 
daeh tooth of the disk goes a Htde furtuer than it ought in order to take exactly 
the place of the preceding tooth ; at the moment of the successive illumina> 
tione the teeth which replace each other do not appear any longer exactly at 
the same point in the fiekl of view of the microscope ; they appear little by little 
in advance in the direction of the motion of the rotating disk, so that the disk 
appears to have a slow movement of rotation in the direction of its real motioB 

lis , ' ' 
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If, on the contmry, tlic mirror makes a little more than 400 turng per second, the 
t(3eth of the disk at the moment they are illuminated appear more and more 
behind a tixed poaitioo, and the diak aeem^ i% turn slowly in a direction, the. 
reverse of its reu motion. When we have so adjusted tlie veloeity of rotation 
of the mirror that the appearance of the border sf the toothed dit^k which we 
see in the field of microscope appears immovable, we arc certain that the mir- 
ror makes exactly one turn while the circumference of tlu^ di;~!c progrespr- one 
division, and consequently whilot the mirror makes exactly 4UU turns per second. 
It waa by adding this improvement or complement to bis apparatus of 16^0, 
bjr substituting compressed air (evolved from Uie blowing-macnine of constant 
pressure of M. Cavaillc-CoU) for steein as the motive power of the little turbino 
attached to the axis of the rain-or, by increasing the length, of the path of the 
li<;ht between the two rcliections from the revolriuf; mirror from 4 to 20 metres 
(from 13 feet 1.48 inches to 05 feet 7.4 incdies) by means of successive reflec- 
tions from intermediate fixed mirrors, by takin<; every possible precaution to 
, measnre the displacement of a few tenths of a millimetre given by the revolving 
mirror to the position of the image in iti^ return, that M, Foucault, in September 
1862, succeeded in determining with a certain precision the velocity of lif^ht in 
air. He thus found a velpcity of 298,000 kilometres (185,177 miles) per second^ 
a velocity a little below that of 308,000 kilometres, (191,391 miles.) which re- 
snlt from the Talue of aberration (20.45 seconds) deduced by M, fitntve, from 
A'ery exact astronomical observations, combined with the Tslue (8.57 s^Kmda) 
adopted up to this period for the parallax of the sun. 

Let us recapitulate the scries of labors which has led to so remarkable a 
result : 

Mr. Wheatstone (1834-'36) devised the use of a rapidly reTolving minor, to 
render appseoiable oxcessivdly small intervals of tuna. 

Ara^o showed (1838) how, with the aid of such a rcvolvingmirror, we would 
be able to determine the diJiercnce of velocities with which light tiavers€»i air 
and a liquid. 

In the mean while H. Fiaean snoeeeded (1849) in being the first to render 
^ evidoit the [KogresNve transmissioa of light and to measure its veIoci^« by 

means of an experiment made on the surface of the earth, in the space of a few 
kilometres* and adopted an altogether di£forent method from that proposed bjr 

Arago. 

An important modification, introduced (jMay, 1850) in the arrangement de- 
vised bv AragOi rendered incomparablj easier the ohservatioii of the effect due 
to the difference of velocity of light in air and in a Hqnid. 

Owing to this modification the experiment of Arago was executed nearly at 
the same time (May and June, 1850,) iirfet by M. IToacaalt, and then by MM. 
Fizeau and lii-eguefc. • . ' 

FinaUjt M. Foueaultt perfecting Ins apparatus, measured (ui 1862) the velocity 
of light la operaUng entirely in ue mterior of a laboratory of mooerate dimen- 
sions. 

An admirable experiment in physics, in which, by the power of intellect and 
manual skill, we have succeeded not only in rendering sensible, but even 
measuzable, the time employed by light to run over a path of 20 metres, (65 feet 
7.4 inches) although tms tune barelj equals the y3if^[nr77^^ ^ 8e<^nal atud 
which* if we repeat it so as to vary its elements, and tiomn make evident th# 
constant causes of error which atlect the re^^ult, appears capable of giving a 
determination of the velocity of light altogether as.preci^ ad that which is de- 
duced from astronomical phenomena i 

We ivould be mgust if we did not mention that the saeoess of the ezpetl- 
ment of M. Fooeaplt was greatly indeited to M. Froment, the able eonstractor 
of the diffiarent parts of the appamtns. The doekrwork which gave to tfa* 
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per seoond, and the levolTiog 
mirror put in motion hj the little alr-tiirbin<\ or mtIm^ ought to take rank 
among the numerous mechanical "wonders which have proceeded from his hands. 
The most ingenious conceptions remain unrealized if thej do not find an artist 
capable of executing them. Thus history haa taken the care to treasuie the 
memoir of eminent mechanicians, to whom due the ddicato constructions 
wkick Dave given important progreM to aelenoe. The name of the lUurtriona 
Bnglisb clock-maker, Graham, remabui forever associated with the discovery of 
aberration and of nutation, made by Bradley, with an instrument cnnptmctcd 
by that artist; in the pame mfinner llio name of M. Fromont will remain in- 
separable from the beautiful and reliued experiment ot which we have just 

Soken, and for wiiieh he exeeated the importent and iageirioas improveaieBti 
ded by M. Foucault to the original apparatus devised by Arago. 
Thus science is in po.-scpsion of two methods, et^sentially different from each 
other, to effect the measure of the velocity of light on the surface of tht; earth. 

The first of the^ two methods, invented by M. Fizeau, waa employed by 
hiffl in hie memorable experiment of Sareanes ; but although the number that 
he thus obtained was Tery eatisfactory from its oloie agreem^ widi that 
which h deduced from astronomicnl ol r^ervations, still we sboald only regard 
thi? experiment as having established tho pombilifi/ of measiiihaig the velocity 
of light by employing this metliod. As soon as the success of this method 
was made known the Academy of Sciences, on the propoisitiou of a commission 
of which Arago was a member, determined to constract at its expense an iqm* 
ratus of large dimensions to turn the toothed disk destined to measore the 
velocity of liprht by the method of ^I. Fizeau, in using every possible precau- 
tion to give to that measure all the precision of which it was susceptible. The 
apparatus ordered of M. Fromcut was iinished, but its adjustment on the ter- 
laoe of l3ie Observatoi^ was prevented ; all the details of tlie ohservalaon to 
be made between this terrace and a distant station, snch aa Hont-Val^iien or 
the tour of Montlhery, had been studied ; it was determined to employ tele- 
scopes of large aperture, in order to increase tlie Inminon^ intensity of the 
observed imago, aftd thus give all the desirable distinctness to tlie successive 
eclipses occasioned by the increasing velocity of the disk ; it was proposed 
^na to produce twclre or more saeoessive ecllpsesi dce^ when tlie death of 
Aiaigo postponed the execution of this important operation. Let us hope that 
thr piT^tpnTienvnt wi!l hot ^>e indefiulte, and that the realization of an ezpen-' 
ment which pii inisf s such chances of great success will not be flelayed. 

The second method ia that of M. Foucault, who has also obtamed by its 
means a value for the veloeity of light which is not for removed from that 
given by astronomical observatton* and agreeing even still closer with it if we 
adopt the increase wlilch it seems we should give to the value of the parallax 
of tlie sun. This m<'thod, much more delicate than that of M. Fizean, ap- 
pears, on account of its very refinement, more exposed than the latter to the 
influence of constant eanses of error capable of falsifying the result. Let us 
dao hope that M. Foneanh will not delay to complete his lahevs^ by studying 
tite influence of these causes of error, so as to deduce a value for the Tokieitj 
of light the raoFf precise that this method can furnish. Tlie simultaneous u?* 
of these two methods of measurement, whose results mutually coniroi each 
other, is not too much in order to determine with all the exactitude possUjie 
ifce vahie of an element so impertaot as that of the Teloeiiy of tiie propagatim 
0i Vfgkk throogh spise. 
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ABTICI4E PUBLISHED BY xM. FOUCAULT, IN THE "JOURNAL DBS DfiBATS. * 
ON THE fiEALlZATIO^^ OF THE EXPERIMENT OF AEAGO. 

t^iamber of, Tuesday, April 30, 1650. ] 

To TBH 'EmTom^Sir : I will not wait for the expiration of the fortnight 

to give yon an account of what mo.st oren pied the Academy of Sciences dturtng' 
their meeting of yesterday. All knew that M. Arago waa to continue the 
uccoant of his beautiful ireaearchea of polarizattou aud of photomctiy. Tliw 
a^ttelldaIloe was hu^, and the Academy recorded at its eeesion a foreign aaso- 
eiate and two corresponding membeie-^Blr. IKsvid Brewster, JLord Brougham* 
and M. de la Rive, of Geneva. But what was not expected Ava^;, t hat M. Arngo 
recalled attention to one of the most beautiful projected experiments that tlic 
genius of a savant has ever produced, and he declared that, after having con- 
ceived it, ho had left to the youug generation the oare md the honor w pec- 
fbmingit. This experiment hae more ^an once oocnpied the attention of the 
Academy; it propoeee to decide, by meanB of a revolving mirror, whether 
light moves faster in n'w than in water, and to seek, in the probable result of 
this experiment, the contirmation of the theory at prerieut adopted to explain 
>l11 optical phenomena. You may judge, sir, of the euiotiau with which I 
heard tbie generous deelaration ; I» who for several days bad in my hands tho. 
experimental aolntimi of this great problem ! Nevertheless I thought it proper 
to postpone to the next meeting the reading of tiie paper in which 1 htrve 
recorded my rei-ults. In the mean time permit me, sir, to aimouQce» in afow 
words, the results which I have observed. 

Light employs more time to nm over the same path in water than m air»aud 
the tamo which it takes to traverse these two different media is shown by tUt 
deviation of the ray which is reflected at a given moment from a mirror re» 
volving with a great velocity. Ml things remaining equal, the deviations were 
found to he pioportional to the indices of refraction of air and of water, it is 
not possible to entertain the least doubt as to the reality of these results ; they 
have ibeen obtained Ijy two difl^nat methods. The two deviations were first 
observed successively and found unequal for the same velocity of the mii ror. 
They were then observed simultaneously, which rendered the observation stiU 
more certain. 

Permit mo to limit myself to the rather technical expression of these new 
reenlta. When the eolnmns of the Journal are unoccupied I shall enter iuto 
such developmenta as will render these propositions more intelligible to your 
i-eaders. 

fieceivOr sir, iot*t &c. 

LfiON FOUCAULT. 



[Nnmber of Satmdiyr, May 4t 1B50.3 

We published last Tuesday a letter of M. Foncault announcing tho succeaa 
of an optical experiment originally devised !)y Arago, and which, in giving 
the relative velocities of light in air and in water, accomplished the overthrow 
of the emission theory iu favor uf tl^^ theory of undulation. The sun havinjg 
appeared during the row day s past, they have been able to repeat several timea 
the experiment in presence of a certain number of Frenoh and foreign savants* 
and aheady the methods which have insured success are generally known to 
the public. In waiting for the communication which will he given at the 
meeting of the Academy next Alonday, we will concisely indicate the funda- 
mental parts of the experiment. 

A beam of sunlight reflected from anidiostat in a fixed direetion penetratos 
horizontally a dark room ; it 'first passes through a small opening of 2 miUt 
mettes (.0797 of an inch) sqnare» then a retionle extended behind this opening. 
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and formed of eleven platiaum to the millhuetrc. Fasbing ihi ough this roticiile« 
tUe beam of fight meets an ohjectiTO of a foens of two metres placed at a dis- 
tance from the reticule less than the double of its principal focal length, and it 
t-Mifls to form beyond a magnifiofl ira.ip^e of the reticule. But before the forma- 
liui! oi this iuia^jc tlic converg;iiig: ncil is reflected from a small mirror which, 
capable of rapidly revolving around a vertical axis, we will call the revolviug 
mnrror. After its tefleetion, the oonvcrging beam will form an image before the 
tsdiror at a distance of 4 mefres, and when the mirror turns, this image moves 
in ?pacf. dcfjcribinj^ circler< double of tlic number of the turns of the mirror 
i«uppos«ed to reflect from its two faces, in sweeping tliiHivj'h : paee this image 
meets a concave mirror whose centre of curvature corre^iomid with the centre 
of figure of the revolving mirror and with the centre oi tlie axis of rotation ; 
it thence results that during all the time that the image of the reticule fiJls on 
the concave mirror the light is thrown back to its point of departure by the 
revolving mirror and returns to form at the reticule its image of natural size. 
Iliis image coincides exactly with the reticule, when the revolving mirror being 
at rest is placed at the proper angle of incidence ; but as soon as it moves, the 
imagv is deviated and deflected in the direction of the motion. In order conve- 
niently to ohserv^ this deviation we place obliquely to the path of the entering 
beam a p^las^ pint f wl'.irh throws this ima^e to one side. This ini ip;^ appears like 
colorless diflVaction bands, striped with \'ertical lines, distant from each other 
thS eleventh of a millimetre ; they are examined with a powerful ocular, 
having at its ibeus a mlinometer cavided into tenths of a millimetie. The 
fltripes of the image bear the relation to the divisions of the micrometw as a 
scale to its vernier, so that deviations to the one-hundredth of a millimetre can 
be To:^(\ off. Calculation shows that a deviation should be obsem^ed tor thirty 
. turns of the mirror in a second ; and in fact it is seen for that velocity ; for 
greater velocities the deviation is measurable. If we wish to measure the 
vdodty of light in water we place between the revolving minor and the con^ 
cave mirror a tube three metres long, filled with perfectly clear walerv.and its 
ends clof^ed by plates of glass of parallel surfaces. All things remaining the 
same, the deviation observed when we interpose the tube of water is always* 
greater than when this tube is not placed between the revolving and the cou- 
eave mirror. Bnt it is better, to operate simnltaneously in the air and in the 
water, to cmploy^ tAvo concave mirrors of the same radius of curvature and both 
facing the revolving mirror ; one destined to receive and send the rays through 
the water, and the other through the air only. The mirror in revolving causes 
the two images, corresponding to the two reflections, alternately to appear, but 
the rapid succession of then: apparitions makes them appear superposed ; to 
disdii^iBh them from each other we cover a good part of the height of the 
concave mirror which reflects the image through the air, which reduces the light 
of the brighter image ; the remainder of the field is occupied by the image 
which has traversed the water. The vertical stripes of these two images should 
correspond, and indeed do correppond, tor low velocitie.^ of the revolviug mirror. 
tBnt as the veloeitj of rotation increases, the two rays are deflected unequally, 
the stripes break at the line of junction, and the deviation is greater ror the- 
dull and green image wliich baa traversed the water than for the luminous and 
white image which has progressed only through tlu^ air. This last experiment,, 
although (iifficidt to repeat with apparatus improvised in a hurry, has the ud- 
Tsiitage to appeal directiy to the eyes ; it has oeen repeated before several din- 
tiBgnfahed savants, who, in leferanee to it, no linger retain the least doubt. 

To give to the mirrors rapid and constant velocities M. Foucault uses a 
amall steam-turbine, which was constructed with the greatest care by M. Fro- 
ment. Wo cannot at present enter into' the details of its construction. It wiU 
be noticed hereafter, as well as the applications of this new me^d of experi- 
JMting. when the paper in which it is deseribed has been presented to the 
Academy ni Seiences. 
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ScHoitlfBMN, in the year 1840, canedottentioii to die existence of a •ubstanoo 

which he named from one of it.-; moat striking characteritstics, ozone, (oC<f, / 
.rmelLJ The peculiar odor in the neighborhood of a good electrical machine 
when in action, and especiallj when the electricity issues from a point upou 
the prime conductor, or is drawn from it as a spark, hnA been well Juaown. 
A eimUar odor had also been pereeived accompanying the fall of the thunderbolt** 
This phenomenon had been characterized as a phoephoiie or a aulphnr amidl. 

Schoenbein called attention to the fact that a aimtlar ^mollis perceived during 
the decompopition of water by the volt iic })ile, and la ub.-^erved accompanyinn^ 
the oxygen which appears at the pusiitive ])olti when the gases are collected 
leparatcSy, and that it 1b also exp«rienced lo manj eheml^ pioe6B8ee» eepe- 
eially in those involving a slow combueUon. In expiaining tne odor of the 
active eh-ctrical machine, it liad been assumed that the sensation \^ due solely 
to a peculiar action of the el-Ttricity upon tlie organs of smell, and not to the 
presence of a m«iterial subotauce; but Schoenbeiu discovered, the cuaoi? 
alluded to, the eziitence of a hodj having the chemical properttes of active 
ozjgen^hatla, of this gas in its condition of entering most readily intocheoouk 
«al combinaition, to which he attributed the pheoenumon io qiUBtion» and tp 
which he assigned a characteristic name. 

During the twenty-five years Avliich have elapsed since Schoeubein's dis- 
covery, this dilHcult subject has been investigated by many scientists, aud 
eapeoially by Scheenbein himself, hj Mariguac* De la Ktve, Fremy, Erdmanii, 
BerzelittSy WilIiarawHi> Beeavefdl* Baomert, and otheis equally well known in 
research. While there are few subjects which present a wider field for investi- 
gation, or which are more important in their relations to a knowledge of animai 
life, and to some interesting practical q^uestions iu technology, there are few whid^ 
require a greater patience, or a greater degree of skill in manipulation for their 
leseareh* It is in coasequenee of these difficulties that our knowledge of 
ozone is so limited, notwithstanding the time aud labor which have beeu be- 
stowed upon it. It is the object of the present article to give a bnef sketeii 
of what i.s known respecting this t^ubstance, on the authority of the article ozouc 
in Poggeudorfr 's Dictionary, aud from the essays of experimeutors iu various 
acienSie periodioalB. 

Some time elapsed afber its diseoverj before very definite views were held 
as to tlie true nature of ozone. Schoenbein, who for a long time denied 
that ozonor is an allotropic form of oxygen, at iir-*^ nnpposed that it wsua 
a new body which, in union with oxygoix, or perhaps with hydrogen, cour 
stitBted nitrogen, to which he attributoa a emapound charaetar. De la fiiv^ 
imagined that the peculiar smell was due to Uie aetion upon the orgaut of 



• Hoinernofices (he smell of the thunderbolt. Mohr in Pogg. Ann., xci, 625. Thns, im 
the Odyssey, book xii, wr^o 417, and xiv, ^7, Jupiter strikes ft bbip with a thauderboll^ 
€v 6c ^eeiov ir^rjTO, "quite full of sulphurous odor." In the liliad, viii, 135, Jove hurls a 
bolt, " with the flame of tlie hurniiif^ sul[)1mr," iutd the ^ruurnl l»(?foro Diomedr'.s i hiiriot. 
In the 8a:ne poem, uv, 415, Ajax hurls a rock at Hector, who talb like a monntaui oak 
struck by lightning, which liss uprooted, aud ficom which tbs fearful small (pdfoi) otgiuAhig 
Stttpbitf xises." 
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▼817 fineiy divided metallic dust of platiniiaii or of gold, wlilch WM iefmratcd 

from the conductors by the electric current, and convnrted into oxides of th<? 
meUila ; but Schoenbein proved this cxplanatiou to be untenable by the experi- 
ment of employing hot poiuts for the issuing of the electric charge into the air. 
Under bqcIi dronmetasceB the hypothetical separation of metallic particles and 
-dieir oxidation shonld be increased ; but, upon the contrary, there was no 
smell of ozone at all perceptible. Besides this, ozonized air, when shaken in 
a botrle with water, does not lose its peculiar smell. Hence it is a ^as, not 
ab^orbabie by water, but altered in its character by heat. Mari^nae and Do 
la B,i¥c subso^uently performed experimeuts which ecemed to show that o^oue 
la pm oxygen. Aa Uarigaao was unable to obtain oaone b^ electricity with 
oxygen unless moistnxe was present, it was possible that the substance might 
be peroxide of hydrogen, and this hypothesis became hij^hly |)robable by tho 
extended and careful research upon this point by Dr. Williamson. This chem- 
ist prepared ozone by the electrolysis of sulphate of copper, dried it by passage 
o?er chloride of cakinm, and passed it throngh a tube containing conpcr turn- 
ingSt heated to redness* which had been fiiat oxidised and then reanced in a 
current of carbonic oxide. By the experiment, oxide of copper and water 
resulted. Schoenbein now adopted tins hypothesis, havinj^ been fortified 
by experiments of his own. At fir^t he rej^ardcd ozone as a higher oxide 
(UO3) than Thenard's peroxide (II O2) of hydrogen ; but at la^t retained the 
latter formula. Schoenbein defended this view pertinacioaBlyt supporting it 
by experiments and by arguments against that of iDe la Bire* Marignac, Mar- 
cnand, Erdraann, Berzelius, Fremy, and Becquerel, who prepared ozone with 
pure oxygen, (obtained from chlorate of potassa, the gas being washed and per- 
fectly dried,) either by the electrical machine or by an induction current. Ma- 
rignac, by action ^th osone upon pure powder of metallic silver, obtained 
nothing but the peroxide of that metal. Hence the conclnsion was warranted 
that ozone is oxygen in an allotropic form. Schoenbein 's opinion was based 
upon his view of the halogen bodies, which, like Berthollet, he believed to bo 
peroxides of unknown radicalB, and from the analogy of ozone, in its chemical 
behavior, to chlorine. He also assumed that no element is known which has 
an action npon the olfttctory nerm to call forth the sensation of smell; chlo- 
rine, iodine, and bromine being, as he believes, compounds, while phosphorus 
and arsenic act upon this sense by reason of their passage into the condition 
of oxides. 

Baumert contended that the odorous gas evolved by electrolytic action is 
easentially different from osone obtained l^* the electric spark. Its constitution, 
according to this chemist, is HO3 ; it yields no water to anhydrous phosphoric acid 
tmti) it has first passed through a tube heated to redness, which he supposed 
decomposer the HO;). Baumert, however, in subsequent experiments, acceded 
to the opinion (derived from their investigations) of De la Rive, Erdmanu, 
Marignac, Marchaud, iTremy, and Becquerel, that ozone is an allotropic condl- 
tkm^ oxygen. 

Sdhcml>ein, in 1858, discovered that if to diluted peroxide of hydrogen a 
few drops of solution of acetate of lead be added, or that if ozonized oil of tur- 
pentine be shaken with the same lead salt, peroxide of lead is formed. The 
game reaction takes place when ozonized oxygen acts upon basic acetate of lead. 
When die peroxide of lead thus formed remains in contact with the peroxide 
of hydrogen, both are reduced ; the result being water, protoxide of lead, and 
oxygen. From this reaction, Schoenbein assumed that the oxygen in the perox- 
vdin ot hydroiien and of lead exists in an opposite condition of polarity, thus: 

and P)O0, and that by the union of these molecules of oxygen the ordi- 
nary inactive oxygen results. Clausius and De la Bive also inagined a simi* 
.lar iBolecular ccmdilioA for oxygen. 
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Schoenbeia designated those bodies containing negatively active oxygea, 
(or 0)> czomidet : such are pemunganie (Mii»Ot Os) and diTomic acids (€ra OsO^}. 

and the peroxides of manganese, (Mn 0,0), silver, (Ag 0,0), and lead, (Pb 0,0). 

+ + 

He named a/Uozonides; peroxides of hydrogen* (H.00)» barium, (Ba 00)* and 

all bodies which contain oxygen m a positiYcIy aetire coadhion, and tlili 
form of oxygen he called aiUozone, 

This chemist sacceedod in obtaining antozone (O) by projecting finely pow- 
dered peroxide of barium (Ba 00) into cold monohydratcd sulphuric acid. A 
gas is evolved which both Honzean and Schoenbein formerly supposed to be 
osone, but wliidt has different properties. It blaee iodide of potassitxm starch 
paper, and smells somewhat like ozone ; but when agitated with a little watei* 
it lo^c!* its odor completely, and forms peroxide of hydrogen, which reaction 
ozone doos not produce. A slip of tilter-paper saturated with a mixture of 
dilute solution of ferricyanide of potassium and a persalt of iron is speedily 
turned blue in antozone gas, but in ozone behaves as in atmospheric air. A 
very small portion of the gas evolved by this reaction in antozone. This is 
due to tlic elevation of temperature, which transforms the antozone into ordi> 
nary oxy<^en. 

Another means of distinguishing ozone from antozone consists in a slip of 
paper imbued widi solution of sulphate of protoxide of manganese, which 
speedily becomes brown in ozone, from the formation of peroxide of maaga^ 

uese. In antozone, not only does this reaction not take plac^ hut papen 
browned by ozone are hlcacJicd b>/ anfozone. 

A distinguishing teat may also be found in the behavior of the two gases 
with perma^anic acid, which antozone decolorizes and ozone browns. 

Pr. Gr, Meissner discovered that, if well dried electrified ahr be passed through 
water, (which luay or may not contain air,) it forms, npon Issuing into the at- 
mosphere, a more or k'^^^ dense cloud or mist. The same phenomenon takes place 
when electrided air issues into a moist atmosphere. 

This cloud is formed by the electrifying of cither pure oxygon or of aii-j but 
not by jpurc hydrogen, or nitrogen. It occurs, whether the gas contains ozone 
or not, but in the latter case to a less degree. 

By contact with drying subr^tances, a? concentrated sulphuric acid, chloride 
of calcium, and even concentrated solutions of certain salt?, the mist may be 
caused to disappear ; but it forms again by the addition of aqueous vapor. 
The air left to itself gradually loses this mist-producing property, and if the 
antozone cloud be confined, the water is, after a while, precipitated npon the 
sides of the vessel, and can no more be produced by the action of vapor, unless 
the air be el pet rified again. 

Ozonif(!nHih moist air retains its cloud-eotiipelliug property longer than that 
which does not coutaiu ozone; and, on lixe other hand, dry ozonized air pre' 
serves this property still longer. Meissner satisfied himself, by numerous ex- 
periments, that this phenomenon of mist is due to antozone, and that electrified 
air contains both ozone and antozone, the former element being absorbed, and 
the latter not absorbable by iodide of potassium, or pyrogallic acid. He dis- 
covered, also, that antozone prepared by electricity is identical with that obtained 
by the decomposition of peroxide of wium, as the fi>rmer, when brought fresh 
and dry in contact with water, generates a proportion of peroxide of hydrogen. 
Meissner regards peroxide of hydrogen as a chemical compound of antozone 
and water; but cloud or mist as a physical aggregate of fintozone and vapor 
of water, in which the chemical affinity of the two bodies v( ry much wenk- 
ened. Von Babo supposes the antozone cloud to be in mo^i cases peroxide ut 
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hydrogen, and tliat it may be fbnned by tbe action of oaone also; its diaap* 
peamnee he explama hy the gradual preeli»itatbn, or deoompoaition of the 

peroxide. 

MeisF^ner rcgirrls the formation of ozone and antozone possible simultane- 
ously by the action of oitbor positive or negative electricity upon ordinary 
oxygen ; bat Von Baho believes that only oione la fbnned by the enrreat. The 
latter ehemiat found that ozonized air experienced no dimination of ozone npon 
its passage through a solution of permanganic acid, but that this took place 
immediately if the air came first in contact with substincfs capable of forming 
peroxide of hydrogen r also, that ozonized oxygen, free from nitrogen, gen- 
erated with water neither cloud nor peroxide of hydrogen. 

According to Meia8ner» aatoaone la formed by all proceaaes of oxidation and 
combustion in oxygen; and, since the ozone enters chiefly, during combnstton» 
into the oxide thus generated, that the result is principally antozone (or peroxide 
of hydrogen) in the free state. Antozone is, therefore, accordiug to Met.stinc r, 
the cause of the cloud in tobacco 8moi;e, the smoke of chimneys, of gunpowder, 
fogB, and aerial donda. Meiaaner found that the fumes of phosphoraa in the 
air are antozone clouds, and not nitrate of ammonia, the greater portion of the 
ozone generated by the reaction being absorbed by the phosphorus. 

MeisHner discovered that air saturated with moisture gives a cloud, upon sud- 
den rarefaction, until the barometric pressure is reduced to eight inches. This 
corresponds to an elevation of 27,000 feet. By the observations of Kiimtz, the 
average altitude of the lightest and higheat donda, the drrhi, ia 20,(K)0 feet, 
and their greatest height 24,000 feet. 

According to Meissner, water condensed from air or oxygen has the form of 
vesk:/is, while, when it is separated from other gases, the moisture condeusea 
in the form of rain ur solid drops. 

A moat cnriotia ocenrrence cif antoaone preaenta itaelf in the iuor spar of 
Wolsendorf, in Bavaria. This mineral haa a peculiar smell, due to antozone, 
which Schoenbein found iu the proportion of j^Vo ®^ ^par, 
because five grammes, Avhen rubbed with water, yielded 2.12.3 milligrammes of 
peroxide of hydi-ogen. Since antozone is contained in powder-smoke, it may 
00 Bmmiaed that the copious rains which follow great battles are due, iu a moa' 
sure, to this body, the decomposition of the cloud of antoaone-water being either 
a cause or an eroet of the electrical exdtement in the atmosphere. * 

Having prepared antozone from an antozonide, Schoenbein souglit to obtain 
ozoue from an ozonide, and selected permanganate of potassn t<tr that purpose. 
Bertazzi had already (Cimento ii, 29 ij tihuwn that by the action of dilute 
sdphuric acid* at a low»temperature, upon this salt, a gas was generated which 
Lad tlio properties of ozone. SchoenbeiD, upon a further iaTcatigation of the 
subject, found that peroxide of barium projected into the olive-green solution of 
permanganate of potassa, and oil of vitriol, of l.S > r»pecific gravity, evolves a gas 
which has the smell and chemical properties of ozone. It acts strongly upon 
the mucoua membrane, polarizes platinum negatively with great power, and 
destroys oiqganic coloring matter and pyi-ogallic acid at the ordinary temperature. 
R. Boettger, in callhig attention to this experiment, states that he had two 
years pr^vionsly described the effect of oil of vitriol and permanganate of po- 
tassa in producing a long-continued evolution of ozone. He considers the addi- 
tion of peroxide of barium auperfluous, and, for the development of ozone, 
adds two parts of dry powdered permanganate of potaaaa to three of hydrate 
of sulphuric acid in a bottle. By thia reaction a atrong osone smell is at once 
perceived, and all of the charaetera of the gas may be eataUiihed by the proper 
reagents. 

Bchoenbciu has determined that antozone has a density less than hydrogen, 
■ad that it lionefiaa at a preasiire of 150 atmospheres. Oaone and antoaone. 
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exposed to die deck wyn of the BpectnuB, imite, with espkMrioa, and yfetd 

flvdmary oxygen. 

Schoenbeiu cousidcrs that oxygen undergoes ehemical polarization in the 
boil V wLeu res^ircd» aud aceountb ikuis tor the rapid changes which take place ' 
in the tieaoeB. He hei fo«md peiDxide of hydfogen in the urine, eft has di»> 
covered that the blood eerpusculee inBtuitly dccompoae this eMopoand. fiv 
has crWr^n the ibllowinp: test for the peroxide of hydrogen. To water, supposed 
to coutuin the peroxide, he iidds one or two drops of a solution of a salt of 
Liemuth, nickel, cobalt, thallium, 2cc^ and then just enough of potat^sa to pre- 
cipitate the hydnited oxide of the metal. He then adda a little iodUde of po- 
ta^Bium and ataich, and laatlj one or two drops of acetic or dilute Bulphtiiie 
acid. If the merest (race of pecoxide of ii y diegeo he pteaeni, the liquid 10 
instantly colored blue. 

The following is Schoenbein's method of determining quantitatively the de- 
composition of oxygen into ozone and antozone. During the slow oxidation 
of metals, accordmi^ to tins ehemiet, the Qzygcn fa eiMnScally polarlaed; one 
of its atoms (ozone) unites with the metal or oxidiaable matter, while the otMr 
atom (antozone) combines with water to form peroxide of hydrogen. 8choea- 
hcin agitates an amalgam containing five per cent, of lead, with rery dilnte 
bulphuiic acid of known str^igth, iu a large bottle partially iilled with air or 
oxyeen. Alter a £ew momenta of agitation, a quantity of enlphaAe of lead la 
pvo&ced, and peroxide of hydrogen is found in the acidulitfed water. He 
ascertains the oxygen which has combined Avirh the lead, by determining tlic 
amount of nncomhincd acid, thut* c ilcnlating tlie sulphate of lead formed, and 
consequently its oxygen. lie determines the peroxide of hydrogen in another 
portion of the water hy a fitandai-d solution of permanganate of potassa, and 
finds the quantity of oxygen in this peroxide to be yery acariy the aaaae as 
that contained iu the oxide of lead. 

Different chemist.^ have determined the diminntion of velund experienced liy 
air or oxygen duriTig ozonization. 

A.udfewti and iait placed pure dry oxygen m a tube and discharged elec- 
tr:*Jty thioogh the gas. Witn stall luseharges a diminntion tnek place, whiek 
wr<9 at first rapid and thi n slow until a maximum was i!ea(died, yielding^ a 
diminution equal to -j'^ of the original volume. When, now, a few sparks were 
passed through thf g)?< it ('X})an(li>d of the former diminution, but did not 
attain its origiuai volume. With rapid or spark discharges, oxygen experiences 
a oimmntion of volume, although leas than by still dischargee. Oxygen, con- 
traded by the formation of ozone, when left to itself at the ordinaiy temperv 
ture, expands again gradually. At lOO'^ Centigrade it^expands more rapidly, 
and at 870^ it regains its original volume and lottos all of the characteristics of 
ozoue. At iliia temperature, theretore, ozone is destroyed. Andrews and 
Tatt found that, by still discharges, oxygen eauuot lose moi'e than -^^ of its 
voiuQie» nnleas the ocone be removed as Het as it fa generated, in which caqe 
the diminntion nuiy proceed uidefinitely. They determined 60 for the density 
of ozone compared with oxygen, whicli makes it six times lighter than lithium. 
They were unable to condense it to a liquid at ordinary preaaares by a iroezing 
mixture of solid carbonic acid and ether. 

Oaoae may be prepared for exammation moot leadily by dropping, in small 
qnantities, dry nermaagaaate of potassa in a bottle oontaiatng a little oil of 
vitriol, or by placing a stick of pbosphoms, scraped clean under water, in 
the bottom of a capacious vessel containing enough lukewarm watci' to half 
submerge the phoBphorus. In either of these cases a slip of iodide of potas- 
sium starch-paper becomes instantly blue when immersed in the nir of the ves- 
sel, and t^e difibfcnt omie reaotione may be readily yeiceived by employing 
the appropriate tests. The gas may alsb be investigated with the above starch^ 
paper in the nc^hboilwod of a point upon the prime conductor of an else- 
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tric^l naachiiMi firom wbicli still discbargoe bm iaavuif. It may be obtained hf 

the inductive ciirront of the Rnlimknrff coil, or by the olortrolyF'ia of water, 
using a powerful l^auseu or Grove battery, and employing gold or platina lor 
tbe positive (electrode, from wbich proceeds a current of oxygen, laden wiUi 
i||Oiie» The Iiydrogen gas» laaiUDg firom the negative electrode, poesesBeB no 
odor of ozoue, bnt thii siiibII is perceived wben the two gases eve cdleeted 
togetlier. The antozone, formed nere by tlie polarization of the oxygen, unites 
with the water to peroxide of hydrogen, if the water thus oloctrolized con- 
tain substances capable of union with oxygen, m hydrochloric, hydriodic acids, 
and their salts, also solphnroas acid, sulphuretted hydrogen, coal, iron filings, 
|Ee.f or If tlM» U^iud or electrodes be iMatedi no osone smell is perceived. 

Them is no process for obtaining piiie*«ad isolated^oaone^ although a con- 
stant current of air laden with thi.^ i^" mny he procured for a certain time by 
Jthe action of sulphuric acid upon permanganate of potassa, or by passing 
moist air ibrough a tube containing pure phosphorus, and washing the gas with 
water. The ^eneni^n of oaone by the electric disohai-ge is se slow t£it Ban* 
mcrt, I17 psssmg 500,000 sparks in an hour, obtained only enongh of this gM 
io liberate one milligramme of iodine from its potassium salt. 

Circumstances inhuence the production of ozone by the electrical discharge. 
.Under the same conditions, sparks of 25 millimetres in length generate twice 
as much ozone as sparks of 4 to 5 millimetres long. 

Employing hermeticallj sealed tabes of ^ miUimetees diameter and 70 mfl- 
limetres loi^ } of the oxjgen can be conreried into oraie; but by continuing 
the discharges the oaoiie oiaiiilshee, so that in 24 hours it equals only of the 
orig'inal oxygen. 

By the electrolysis of water, cotitaiuiug of sulphuric acid, Baumert ob- 
tained only one minigramme ot ozone in 150 lities of the mixed ^ascs ; hat 
when the water contained chromic acid instead of snlphuil^ he fiMUia the same 
quantity of ozone in 10 litres of the mixed gases. 

Ozone is generated by means of phot^])lioru8 only in a moist air, containing 
oxygen at a medium temperature. When the atmosphere is deprived graduallj 
of its oxygen, by rn^ns of ignited oxide of copper, the production of ozone 
diminishes, and oeasee entirely when there is no longer any oxygen present. 

Oaone is not jfonned in pure earhonic acid or hydrogen gaess. With 1 
volume of oxygen and 4 of carbonic acid, the forinfition nf ozone i?: easy. In 
an explosive mixture of hydrogen and oxygen, the generation of ozone is pow- 
iuiul ; the phosphorus shines vividly, and can acquiie heat suihclent to kindle 
and explode the mixture of gases. In pure oxygen, at the ordinary premuie 
of the atmosphere, ph^^phorus, by the presence of water, do* ^ not pfroduce 
ozone until the temperature is raised from 75.2° to 8G° Fahrenheit. At this 
temperature the phosphorus begins to emit light, and the iUumination and 
ozone generation are powerful at 96.8^ Fahi^enheit. 

Oxygen expanded to four times its Tohune, by the air-pump, yields oaone, hy 
phosphorti8» i^ihe ordinai j temperatnre ; hot at 32^ Fahronheit there is no 
production of ozone. In dry air phosphorus generates ozone slowly, as the 
phosphorus soon becomes coated, which prevent'^ the action of the air. There 
is a connexion between the shining of phosphorus and its generafinn of ozone, 
80 that this production exists in proportion to the intensity of Lhe iliumiuation; 
hot we are ignorant of the eanse of this eonnexion. 

If we weU wash air ozonized by phosphorus and place in it a pieoe of car- 
bonate of ammonia, po that the gas reacts alkaline, and wash the gat again» it 
still gives all of the characteristic reactions of ozone. 

According to Schoenbciu's experiments, 1,000 grammes of phosphorus are 
capable of eonTerting \,720 of oxygen into ozone. By another trial he gives 
0.43 gramme as the yield of ozone by 1 gramme of phosphorus. By hanging 
•ilTer leaf ia a ritiael earbcy fiUed with osoniaed air« he eovld dsoaoBiae tho 
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Bame in fonr honn; and, by repeating the process for several weekst he was 
aible to prepare as mtt^ as 20 grammes of die peroxide of eilrer. Oxotie 

results also from the slow oxidation of pure ether, effected l)y tlic means of a 
platinum spiral heated to redness atid placed in the vapor of th'^ '^rh(n-. Accord- 
ing to Schoenbcin the combustion of hydrogen, carbide ot iiydrog^, and of 
kindred gase.^, prodnces ozone. 

The odor of ozone is m powerful that air containing only one millionth of it 
hfi' a decided smell of the f^as. Ozonizrd air raided to the temperature of 
482^ to 572'^ Fahrenlieit, is de])rived instantly of this body. 

A very characteristic action of ozone consists in its polarizing effects upon 
the metals, particularlj^ upon platinup, gold, and, to a less extent, copper. Att 
ozoniferous atmosphere' behaves like one containing chlorine or bromine. If « 
slip of gold or platinnm is immcn-sed in an ozone atmosphere, it acqtihres a nega^ 
five polarity in a few !?econdrf. AVhen such a slip is united with an ordinary 
one and the pair is plunged in acidulated water, a current is generated which 
acts powerfully upon the needle of the galvanometer. Antozoue, also, polarizes 
platinnm negatively, but less so than oaone* 

In the preparation of ozone by phosphoms* al^odo!r characterized a^* " garlic'* 
is firt^t perceived. Gold f)r platinum, immersed in fucIi air, is polarized ^yo^i- 
tireli/, and this condition may remain for a considerable time if the temjicra- 
ture be low. Presently, with a temperature of 53.6° to 60.8'' Fahrenlieit, the 
gas exchanges its " garlic" for an ozone smell ; and, at the same time, the mets3^ 
after quickly passing Yolta's point of indifference, acquires a «u^a<»0e polarit]^. 
7he least moisture deposited upon the metal, also an elevated temperature, pre- 
vent, or, if prepent, destroy this polarization. It is al?o lo!?t in the air gradu- 
ally, and immediately in hydrogen gas, which even communicates a positive 
polarity. • 

Osone is absorbed neither hj water, eanstie ammonia, nor baryta, anlphmie 
acid, or dry ehloride of calcium. 

Schoenbcin attribute? many of the reactions of oxidation \(y the **n€UUXltt 
sta/e" of the gns to the presence of ozone. 

Dt. i:*hipson has given many of such examples of polarization exjj^lanatory 
of the "Haiw natbou" in a prize essay which is contained In llie Smithsonian 
Beport for 1663. 

A paper satnmted with a solution of iodine is quickly bleached in an ozone 
atmopphere ; the product, however, does not react acid, and in contact with 
oxidizable bodies, puch as sulplmrous acid, pulphidc of hydrogen, phosphoms, 
hydriodic acid, metals like zinc and tin, or protoxides like those of tin or lead, 
the paper becomes brown again from iodine. . 

Bolntionsof chlorine and bromine act in the same manner $ and it is this 
fact, together with the chemical analogies existing 1 ol'ween ozone and the 
halides, which led Schoenbcin to assign to ozone a similar nature. 

In the presence of strong bawes, such as hydrates of lime or potassa, the 
nitrogen or the air may be oxidized to nitre by the action of ozone. N Three 
thousand litres, of ozonized air, agitated with milk of lime, fnmish 6 grammes 
of saltpetre. Ozone liberates iodine fVom the iodide of potassium more freely 
in the sun than in th^ 1 lylight ; but when starch is present, the blue iodide of 
starch is bleached by tlie light. By renewed action of ozone it becomes blue 
aguiu, and the bleaching and bluing may be repeated until the iodide of potas- 
Binm is transformed completely into iodate of potassa ; when osone is no longer 
capable of producing the blue tinge. Accoraing to Baumert, the first effect 
of ozone upon this palt is the decomposition to caustic potassa and iodine; 
which react to form iodate of potassa and iodide of potassium. The i»zone 
acts upon this iodide as before, until at length the halidc is completely oxidized 
to iodate of potassa. 

The yellow pmsaiate of potama is oonTerted qnieklj Into the red prassiate 
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by ozone. A crystal of the former salt placed in an ozone atmosphere ho- 
compp gradually red, the color procopclin^ from the outside to the inside, and 
the solution of ferrocyanide of potassium experiences this change vciy readily 
when agitated with osoae. , 

The mitals arsenic, antimony* iron* sine, tin, lead, biBmnliliy silver* and mer- 
cury, are oxidized instantly by oaone* and deprive thereby any atmosphere con- 
taining that gas. 

The metals are not oxidized with equal facility. 'J'lms avi^eiiic is oxi(liz<!d 
much more readily than antimony, which aflords an additional meauB of dis- 
tingaishin^ between these bodies in judicial inqniries. An txienic spot in a 
strong ozone atmosphere is converted instantly to arsenic acid* while an anti- 
mony mirror i( (juir ea several days for its disappearance. Dry mercury, or that 
covered with water, does not absorb ozone ; if tlie metal be merely moistened* 
it takes uj^ ozone readily, becoming ycUuwish upon the surface. 

Silver, in the state of leaf or sponge, absorbs ozone quickly, as has been 
stated already. Tbis metal may be employed &r separatmg ozone from ordi- 
nal oxygen. 

The more readily oxidized metal?, as protoxifleB of manganese, iron, tin, &c., 
SLA well as tho.st- Avliich, like protoxid(;s of i^ilver and lead, are not SO easily 
changed to a iiigher state of oxidation, arc peruxidized by ozone. 

A solution of the sulphate of the protoxide of manganese is browned in- 
stantly in ozone from the above cause* and, according to Schoenlx^iu, this reac- 
tion is percrpn'Mt^ ill a dilute .-solution of sulphate of zinc, which contains as 
an impurity only ju'„y of iiiauganese. If Iiy (hated oxide of lead be spread 
opon paper, or li' basic acetate of lead be employed, ozone will communicate 
to the paper first a yellow, then a red* and finally a nrown coloration from the 
peroxidation. 

If the lead paper be blackened by meana of sulphide of hydrogen, it may 
be Idcached in ozone, which is due to the production of the white sulphate of 
lead. 

Organic bodies are very readily oxidixed in ozone, as shown by the experi- 
sients of Schoenbein, Baumert, Gonip von* Besanez, &c Thus wood* straw* 
cork, fitorcb, humus, vegetable colors, caoutchouc — pure and vulcanized — the 
fats and fatty acid?, alcohol, alburaeii, hlood, &:c., have been found to hti all 
acted upon by tliis agent. Ozone bh aclies litmus without first reddening it. 
Certain fungi become blue in tlie air, and the cut sur^ce of an apple becomes 
brown by l£e action of ozone. 

Qnm guiacum, which becomes gradually blue in the air, owes this change to 
oeone, as was first shown by Schoenbein, who employed this substance as a 
reagent for ozone. To prepare guiacum papers, one part of the gum is dis- 
solved in thirty parts of 90 per cent, alcohol. One gramme of ordinary alco- 
hol is chai'ged with a few drops of this solution, and the piper slips are dipped 
therein and dried* The papers are blued rapidly in an ozone atmosphere. 
They lose this color when exposed to the air, but regain it in ozone, and the 
proccp? may he repeated until the jjuiacnni is fully oxidized. Certain metais 
atid other bodies, especially nitrous acid,- chlorine, bromine, peroxides of man- 
ganese, and lead, &c., will blue guiacum tincture. 

The following is Bcboenbein's method of determining ozone quantitatively 
in a mixture from its bleaching efiect upon the solution of indigo : Tlie ordi- 
nary solution is diluted with sufficient water to be just opaque blue. One hun- 
dred grammes of this solution receive an equal weight of hydrochloric acid, 
and are then boiled. The heated liquid is treated with a solution containing 
of chlorate of potassa until the blue color is exchanged for a brownish 
yellow. now* for the destruction of the 100 grammes of indigo ftolution* 
100 milligrammes of dilorato of potassa (whi<& contahi 39 imlligrammes 
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of oxygen) were employed, then 1 mflligramme of ozjgen voald destroy 

J.''," ^2.564 gramraea ot' indigo Bolution, Now, to this last ^piaiitity of the 
orijrinal indigo t^olntion, containing hydro cliloric acid, enough water must be 
added to dihite it to 10 grammes,* in order to olbtain a normal solution of 
which 10 grammes will represent 1 milligramme of oxygen or ozone. One 
part of the «boye normal sMutloii may be further diluted with 9 pairts of water 
to yield ^ nomnl teat, ia whieh 10 grammeB will indicate ^ miUigiammeB of 
ozone. 

The analy«i^ h performed as follows, for example, upon a bottle of air 
ozonized by phosphorus : A little of the normal indigo solution is agitated 
with the air in the bottle for a ibw minutes, and the air is then tested for ozone 
hy iodide of potasritua starch, and the process is repeated mitirno oaone la 
indioated even by a slightly elevated temperature. Then, for every 10 
f^ammcs of tlie normal indigo solution employed, 1 milligramme of ozone if? 
prei:ent, and tor every 10 g:rammes of the normal eolation, of a milli-, 
gramme of ozone has been found. 

Schoenbein diseoTered the remarkable bleaching properties upon indigo and 
other plant colon of <»rtain bodies which appear to absorb ozone, without 
combining with it, and thus are in a position to yield the ozone again to other 
substances. These bodies have been called ozone carriers." Tliey are oil 
of turpentine, linseed oil, oil of lemons, tartaric and citric acids, ether, plati- 
num sponge and black, powder of silver, gold, and platinum, also metallic mer« 
enry. These sabstanees, shaken eolations of indigo, litmus, coehenille, &c., 
discharge the color ; with tincture of gaiacuin they yield a bine tinge, and give 
the same color with iodide of potassium starcli. One of the most remarkable 
of the ozone carriers is the blood corpuscule. Ozonized oil of turpentine, 
shaken with indigo solution, bleaches it after a while, but if blood corpuscules 
are a^ted, the decoloration is instantaneous.* Platinum black is also very active 
in its blesdiing effiscts. 

One of the best known ozone carriers is the oil of turpentine. If a bottle 
be J filled with this body, expos^pd to the sun, and frequently shaken with nir, 
removing the stopper from time to time to renew the air, the oil is speedily laden ' 
with ozone. After a time the o^dizing or bleaching effect of this oil is lost, * 
probably from its ozone entering into combination with it. Its bleaching 
effect may ho aMtertahied quantitatively by means of a solutton of indigo. ' 
Schoenbein prcp;?rod an oil of which 1 gramme possessed the same bleaching 
power as 2 grammes of the best bleaching powder, (hypocldorite of lime.) , 
The ozonized oil bleaches most rapidly when warm, but its absolute decolor- 
bing power is then less. All turpentine kept with access of mr becomefl 
ozonized, as may be seen from the Ideached and corroded corks employed in 
closing the vessels containing it. Upon th(! animal organism ozonized oil of 
turpentine acts more energetically than oil not ozonized. According to Seitz, 
6 drops oi ozonized oil throws into convulsions and kills a frog and destroys 
other small animals, while 20 drops of the pure oil produce no such effect 
Not long since a statement prevailed that the disease called painter's colic is 
due, not to the lead absorbed, but to the oil of turpentine. If this be so, the 
OBonization of the turpentine may be the active agent for mischief, altbougli 
the lead may also he hurtful. 

' The existence of ozone in the atmosphere has been known since the discovery, , 
of Ae body ; but ilie oonditions which govern its presence, as well as the actuu 
quantity of the gas, are yetvndetermined. This arises from the small amonntof 

ozone in the air, from the readiness with which this active oxidant is destroyed 
by the presence of bodies upon which it may act, and also fox the Wfiuit of a re- . 

■ , — ___ r 

* Hence, in tbis case, 10 — 2.564^=7.4^ water will be needed. 
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liable qaontitativc test. The largest proportion with whieh tlie tSt Itu been 
artificially loaded with this substance amounts to y^Vo- of its volnme, 

Ozone may be dettrmincd quantitatively hy ai^certainiu!^ the amount of 
iodine liberated from iodide of potaattium; by determining the quuaiity of pe- 
^xide of silver which it produces; or hy finding the proportion of indigo soln- 
tion which it d < lurizcs. Bat this kind of tisst has never been applied to a> 
great cxtont in dctei mining the atmosphoric ozone in long Sectes 01 observa- 
tioDS. owinj^ to the dililcuUy and \:\hnY of appiyinj^ it. 

A larj^o volume of air brought aiuwly to act upon a small proportion of the 
reagent is iiece8Bar7 for this purpose. In aspiraluig twenty-foor litres of external 
air during a period of two and a half hoars, concentrating its action vpon a 
circle ^'of an inch in diameter on a delicate iodide of potassium starch paper, 
I was unable to detect the slij^htcst ozone reaction', althouprh a slip of nmiUur 
paper exposed all day to the free atmosphere wha coli>red tfcni.-iihly. 

The ordinary mode of observing 020UO iu tlie atmosphere consists in ascer-^ 
taining ihe amonnt of color prodnced u]pon paper containing iodide of potas- 
sintn and starch, using precautions agamst the bleaching effect of the light 
*. upon the iodide of starch developed by the ozone. A scale of shades of color 
is employed for determining, by comparison, the proportion of the gas in ques- 
tion present in Uie atmosphere. Boehm iound that this test, prepared from 
the same recipe hj diflforent persons, gave varied resolts. Aeooranig to Osann's 
fennnla, thirty-two gnins of starch are i-ubbed in a mortar, with the same 
qnantily of cold water ; three grains of iodide of potassium are then dissolved in 
four ounces of boiling water, and the Rolution is add(?d tn rlie ptaveli and well 
incorporated with it. After boiling once more, the lest is cooled and placed in 
a botile for use. When reagent paper is required, slips of Swedish iilteriug 
paper are shaken np with the stareh liqvid» and then dried. This paper is ht' 
stantly colored of a deep shade of blue when exposed le the ozonized air of a 
bottle containing phosjdiorus and a little water. Exposed daring the night to 
the atmospherci, the coloration by ozone is very decided. 

Iu the ordinary atmospheric ozone observations the velocity of the air-cur- 
rent which traverses the reagent paper inflneiloes the resnlt by bringing a greater 

Eroportion of ozone upon the test m a givra time. The determinations which 
ave been hitherto made are very vague, unsatisfiustory, and yield but rode 
comparative results as to the subject in question. 

Notwithstanding this difficulty, theories have not been wanting as to the in- 
fluence of ozone upon the health. The oxidizing action qf ozone upon organic 
siibstanoes as shown by Qorap von B osa n o z, the phenomsna of oione oatri6rs» 
such as oil of turpentine, platinum sponge^ and the hUod e o rp mt en h ttf have 
facilitated the formation sncli theories. 

Dr. Smailwood, in a ion ^' sc t ies of observations upon the atnio.sphere of Can- 
ada during the prevalence ot the cholera and at other times, favored the in- 
ference 01 a defictoey of ocone dnrmg the epidemic. 

Dr. KoBktt condoded, from a large nnmber of observations in Englandt thai 
the ozone in the atmosphere plays an important part in controlling or prevent- 
ing epidemics, wliicli it effects by removing the infectious matter from the air. 
During the prevalence of the cholera at Newcastle, iu ISd'J, this gas was at 
its minimum. J^^om August 24 to September II, 1854, when the disease was 
at its height in Limdon* oaone was observed only onee* and then in hot small 
^luintity. On the 10th September a south wind prevailed, by which the ozena 
was found to increase*, and the cholera cases diminished. During the Crimean 
war the surgeons of tin; Ff^neh army (established the following facts : 

1. In proportion as the ozouoscopic papers were more colored iu the air, taa 
nore nnmerons were the sick taken to each of the hosj^tals. 

Whm tha'tanipeiwtaie waa-higher, ilMre mn fewer sick and fewer deaths. 
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3. At the three obBerrotories tlie curves dongnoting the proporthm of oione 

were esfcntiully the same. 

4. The curves for temperature were also identical. 

5. At ohdervatory No. 1 the quantity of ozone was inversely proportioiial 
to the numbeif of deaths, while in observatory No. 2 this proportion was 
d^td one. 

Bineau detected ozone hut seldom in the air of Lyons, although lu> ohservecl 
it always in the air of the neighhoring country. Ho attributes the deiiciency in 
the city to the action of organic matter in the air. 

Pless and Pierre discovered 0.02 millegramme of ozone in 255 litres of at- 
mospheric air. 

Zenger found in twdve experiments from 0.002 to 0.01 miQignuame of this 

body in 100 litres of air. 

R. Angus Smith ascertained that the air of Manchester did not react with 
ozonoscopic paper, uor was there any reaclioii in the country >v hen tin*- air liad 
first traversed the city; which he attributes to the absorption of osone by the 
products of combostion, (antosone t) arising from the large amount of coal burned 
in the citr. 

C. Kosmann ascertain<Hl that in Strasburg, and at a short distance from the 
city, there was more ozone in the air of the country than in that of the city. 
In the ci^, the osone maximum occurred in the iMTttme ; in the country, at 
night. He found also, hy the action upon Schoenbein's test paper, that the 
green portions of all plants exhale ozone. 

Mr. Carey Lea discovered that the g^rowth of plants is retarded in an atmo- 
sphere strongly impregnated with ozone. 

A. l*oey found that ia the city of Havana the ozone reaction diminished 
witli the elevation, while in the country the reverse was observed. He also 
disoov^d that the moisture of the atmosphere influenced the amount of ozone. 

1 ascertained that the air (jf the jiublic grounds in "Washington yiehli'J, at 
night, abundant evidence of ozone, while the atmosphere of the strccta of tho 
city, observed at the same time, indicated an absence of tliis ga:.'. 

Dr. W. B. Rogers found that the air passing ovor Boston was deprived of 
its OBone by the emanations from tho city. 

M. Hozeau, of llouen, inferred, from a series of observations which extended 
over four years, that the atmosplieric ozone is least in February, begins to in- 
crease in March, and reaches iin maximum iu May and June, ai'tcr which month 
it diminishes to its minimum in February. ' 

J. Boehm has given the results of four years of regular observations of ozone, 
made in the city and environs of Prague, His osonoscopic paper was observed 
and changed at 7 a. m. and 7 p. ra., the proportion of ozone ( ring dctennined 
by the depth of shade of the color produced. He fnnnd that tlie ozone bears 
no relation to the relative humidity, rain or thunder storms, clouds, &c., but is 
intimately connected with the fierce and direction of the wind, which was gen- 
erally from the a\ i t when the phenomenon <^ oolor was observed. The reason 
of this fact is the relative position of the observatory to the city of Prague, so 
that all easterly winds passed over a thickly-settled portion of the town, by the 
emanations of wliich they wei*e deprived of their ozone. 

In the country and suburbs, Boehm found ozone constantly present. With- 
out expressing a decided opinion upon the relation of 02one to health, this 
physicist calls attention to the fact that in KoenigBtadt. a place not partieu- 
farly noted for its salubrity, he obtained as decided reactions of ozone as npon 
the healthiest mountain, and that the coloration of the test paper is more de- 
cided iu Vienna, a citynoted thr its lung and typhoid fevers, than iu Prague, 
which is ranked justly with the healthiest towns. 

From what u known at present respecliug ''antosone," it would seon that 
this body (lays an important part in depriving the atmosphere of oaone. 
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In judging from the leactfon upon Iodide of potasBium starch paper, ozone is 
alwajs in tlic free atmosphere in variable, bnt small, quantity. Such test pa- 

pr-r^ !irf^ not blued whoii clo.^crl in a bottlft. Amt scarcely 8o, if at all, in a room. 
By exposure to the external atm().><phere the elfoct upon tiieni is* extremely va- 
riable. Sometimes in cities it is imperceptible. According to Osaun, the color- 
ation is greater by night than by day, and is more dedded towards snmrise, at 
the time when lihe atmospheric moisture is precipitated. It is greater in winter 
than in summer, stronger witli clouded than with clear sky, and is especially 
powerful with snow clouds. Every iiake of snow falling upon the te^t pap<'r 
produces a blue stain. By atmospheric electrical discharges ozone is, as might 
be expected, very prevalent. Sehoenbein calls attention to the fact that the 
odor in the neighborhood of places struck by lightning is exactly that of ozono. 

The whole subject of ozone, whether in its physical or physiological rda- 
tionf?, is intensely intoro?»ting, and promises, when understood, to be the me;>ns 
of solving many problems in the sciences now so difficult to be comprehended. 
No held of research appears to promise so rich a harvest to the bkilled and 
patient obfwnrer. 
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Persons who are not devoted to tLe j)Lysical scieuces will, perhaps, pardon 
me if 1 take the liberty of recalling to them that the air in the midst of which 
auiinab and plants live is a mixture of two very difi'erent gases. The one, 
almost inert and without appreciable influence In the phenomena of natore, is 
called azote $ the other, on tne contnuy, posseases the most active properties 
and performs the most important part in the support of life on the globe ; this 
is oxygen. Among other properties it possesses that of uuithig with carbon 
or charcoal, and while thi s union, or, to apply the ecieutilic term, thia combi- 
natiou ib taking place a coubiderablo <^uantity of heat and light is disengaged. 
The carbon ia said to bum, and it was thought at fii8i» without reflee&n, to 
be annihilated ; it is, however, merely transfonned into a gas which mingles 
with the atmosphere, from which the chemist can recover not only all the car- 
bon which has been burned, but idl tlie nxytrr-n which united with it. In order 
to recall to the memory the origiu aud composition of this compound gas it 
baa reedved the name of carbonic add. 

Wood, which is essentially composed of carbon and water, boms in the same 
manner as carbon, expelling the water in the form of vapor and transforming 
the carbon, by its imiou with the oxygen of the air, into c ubonic acid. Fruit, 
herbs, bread, and all our aliments, having a chemical composjiiion analogous to 
that of wood, may, like it, be burned in a furnace, and Lavoisier has taught us 
that the substance of these aliments undergo a real but slow combustion in the 
lespixatory system of the animals which eat them. Every animal is therefore 
a furnace, every aliment a combustible; the oxygen of the ah- i.s absorbed in 
respiration, is rc])l u (-d by carbonic acid, ahd the water ejected by the natural 
outlets or by exbaiation. 

Bince carbonic add ia necessarily produced by animal life it must form an 
integral part of our atmosphere. Chemists, hi v.ffvct, detect it there, but in the 
minute proportion of four or five parts of the acid in ten thousand of air. It is 
a gas which can iit ither support life nor combustion, since it is, on the contrary, 
the product ot these procesoos. llence all animals confined under glass bells, 
filled with au', rapidly exhaust the oxygen, replace it by carbonic acid, and 
soon die, not from a poisonous effect of the gas, but from a want of respiratorT* 
BUBtenance. 

Having recalled these facts, I nhall describe a celebm.ted experiment which 
vegetables themselves are continually peitoi-ming' in our midst without our 
having consciousness of it, though it is accomplished on au immense scale, and 
may be ju^sUy consid^ed one pf the most essential phenomena of the world ; 
an experiment, moreov^, so simple that any one may repeat it at pleasure, lu 
order to success, it is necessary to take a healthy and fresh branch, in full 
foliage, of one of fhose aquatic plants which grow immersed in ponds or riviTrJ ; 
introduce it into a glass jai-, wliich is then filled with spring water, or, siili 
better, with what is called mineral water, which contains, as we know, a large 
proportion of free carbonie add; having dosed the mouth of the jar when. 
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loll, we invert it ibi a baein filled with water ; if wo then op^ the mouth tiie 
water will retain its elevatiou and continue to fill the inverted jar. The appa- 
ratus being thus arrang"«^d is to bo rarriod to ;iu open place where it can receive 
the direct rays of the suu. As soou as the light Jstrikes the leaves of tlie im- 
mersed plant we aee them become covered with a multitude of bubbles, which 
lapidly enlarge* unite and rise to the upper part of the jar, where they accu- 
mmate. Wheneyer the light u intercepted by Ae mterrention of an opaque 
tf:creea the disengaj^ement of bubbles stops, and we can, at will, and even at a 
distance, by alternately intercepting^ the li^ht and permitting^ it to strike the 
leaves, arrest or restore the production of the bubbles. At the end of tiume 
bouTB of oomtinuoos aetioa the jar will be filled with gas, which resembiea in 
ordinary appearance atmospheric air, but has not its properties, for if we intro- 
duce suddealy into tlio interior of the jar a Fmall taper which ha^! just been 
extinguished, but which ?till retains at the extremity of its wick a few glowing 

§ouits, it again instantly kindles and continues to bum with unwonted brilliancy, 
^he ^as is not air, but oxygen. In this form and with aquatic plants the 
experiment is strikhig, because the production of the gas in this case is rapid, 
ana we assist, as it were, af the birth of the oxygen. We can produce the 
same efTect, perhaps Icps rapidly, with all plant'^ ; rmd in order not to change 
their ordinary condition wc raav expose them to the Fun, under gla,<« bells, pre- 
viously tilled with carbonic acul ; after the lapse of a day the carbonic acid gas 
will nave disappeared and its place be supplied with nearly pure oxygen. 
Whatever may be the plant, or whatever be the experimental process onployed, 
the action remains always the same. Tlie explauation of the fact is easy. The 
green part of the veg;etable d<xompases the carbonic acid, extracts the carbon, 
which it appropriated to itself, and abandons the oxygen to the atmosphere. 
In the danc, and durmg the night, the part performed is changed ; then, in- 
stead of absorbing carbonic acid, the plant gives it off ; but the nocturnal re- 
action being infenor to that of the day, ihe plant performs a part on the whole 
which is opposite to that of the animal— it absorbs the carbonic acid which the 
latter exhales, and returns to the atmosphere the oxygen which the animal 
consumed. 

Seeing the experiment so clearly, and its explanation so simple, it is difficult 
to conceive that they were not seen at the first glance. We find it difficult to 

believe that this was not the ca^e ; but every great di-^covery w mfidc at a cost 
to humanity. At the beginning all is obscurity and perplexity, and it is only 
after long research and after much hesitation that wc settle upon a few scat- 
tered truths, and when a dear and steady light illnmlnates all the previous 
obscurity it is only after the labors of several generations are collected and the 
efforts of a succession of men of genius have been devftted to the object. The 
history of great discovery is not without interest, and I purpose in the follow- 
ing pages to retrace the several steps which have led to the establishment of 
the relations whieh exist between phmts and the atmosphere, including in the 
sketch some of the results of the more recent investigationB. 



Gharles Bonnet, a Genevese physician, was ihe first who experimentally un- 
dertook, about the middle of the eighte^th century, the problem which occupies 

us. It was the perusal of a once celebrated work,. YV/e Spectacle of Nature, 
which had decided his vocation. His attention was fn-st directed to the subject 



subject to consider another whose fertility he did not perhaps altogether antici- 
pate; it was the inquiry, Of what use are leaves? and ho made two experiments 
which have ac^nired a certain dasaio character. By the first, he proved that 
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light exerts over the green portions of vegetables ?n strong an attraction that, 
if placed in the dark, they direct themselves towards the Hinallo.-ft openings 
which convey it to them. The second showed that when plunged in water, 

{>latit8 discnga^ in sunlight a large quantity of airf but there Bonnet stopped: 
le knew not what that air was, nor could he know iti since at that epocn the 
first |)rinciples of modern chemistry wpre known to none. 

Priestley, who was the rival and in some respects the predecessor of Lavoi- 
sier, was led by the results of his discoveries to study the actiou ol plants on 
the atmosphwe* He had just succeeded in isolating Uie remarkable gas which 
energetically supports the combustion of a lamp and the respiration <rfanimftla» 
and had for this reason called it i-ifal air. lie had ascertained, moreover, that 
small animals confined in this air or iu atmospheric air i*oon changed its proper- 
ties to such an extent that the animals died and the flame was cxtinguislied. 
It is true, Priestley did not know the real nature of oxygen, and through a blind 
fueling of rivalry refosed to the end to adopt the theory of respiration just an- 
nounced by Lavoisier ; but ho knew, neTertbeIess» bow to deduce from his experi- 
ment ■ m l o.'-ical consequence which was of the greatest impoi taacc. Perceiving 
that these iiirle animals vitiated the confined air bv their exhalations, he com- 
prchended that all the individuals of the auimul kingdom produce the same ef- 
fect continually on the entire atmosphere, and that they must infallibly die, if 
there were not in the action of natural forces some Inverse action constantly 
tending to roFtore to the air its purity, in proportion as this was destroyed by 
animal respiration. lie proceeded to seek for this count6rpoiso> this regenerar 
tivc action, and he found it in vegetables. 

He placed in the air confined under a glass bell an animal and a plant The 
former corrupted the air and died ; but after the lapse of a certain time, Priest- 
ley discovered that the latter had restored to the air the vital property or the 
pm-ity ncccfsary to support life. This was one of the most important fai-ts of 
the mechanism of our world. From this moment, it was known, though not 
yet iu its details, that vegetables and animals execute antagonistic fuuctioos, 
these rendering the air unit for the support of life, those repairing thenuschiet 
The Boyal Society of London conferred on Priestley, in 177^ the Gopley 
medal, and in presenting it, the president of that celebrated company thus 
characterized the discovery of Priestley : 

" riftnts ilo not grow in vain; each indivliluul iu the vcf'rf'ible king'dom, from the oak of 
the foruat tu the qioah uf tbo field, is uselul tu thu iiuimui i iicu. Aii pUuts contribute to 
maintain our atmosphere in the degree of parity necessary to aaimal lite. The forests, ev^ 
of tht' most remote countrif-s contribute to our preservation, wbitederlviug noQllshinenfc £n>m 

the exLiulations ol' our bodies which have become injurious to ourselves," 

This glory of Priestley, however, was to be overclouded. After such success- 
ful labors, such grand and comprehensive views, such rewards and public honors, 
Priestley desired to repeat his former experiments, and obtained wholly oppo- 
site results ; plants, instead of purifying the an-, nov appeared to him to peUute 
it. Surprised at tliirf luexjilicablc contradiction between the past and the pres* 
ent, he multiplied and varied his cxperimonts, and all that he could substan- 
tiate was, that vegetables possess the property at one time of purifyiug, at 
another of vitiatiug the air. The law which had won for him the Copley medal 
was therefore not general, and the consequences he had drawn from it not in- 
contestable. A rciiigce in America, after a life agitated by reli|^0us discussions, 
Priestley died in ISO I. liaving made in chemistry brilliant discoveries which he 
did not comprehend, and 'n\ vege table physiology contradictory experimtcnts 
which he was not able to reconcile. 

Yet Priestley was deceired In nothing; plants do in fhet alternately petfom 
the two functions which he liad assigned to them, and the only flung which he 
had not di<*covcrcd 'wixa the condition wliich dctermmes, frequently tlic rcctora- 
tivei occasionaUy the deleterious action, a condition which Bonuot had caught 
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fiigbt of, and which Ingenhoiias waa bood to place in open day. Ingenhoaaz was 

bom at Bieda, in 1730 ; he waa a physician, and cane to England to observe 
tlic process of inoculation for the i=mall-pnx, which was then beginning to h<r: 
practiced. It was during this visit that he became acquainted with the labors 
of jf rieatley, and rcfiolved to explain their contradictioua ; this he succeeded in 
doing in 1779. and he has himsdf recorded his discovery in these words : 

•* Scarcely hml 1 euluixd upun these rc»earche3, when the most interestiug views presented 
themselvoo. I observed that pluuts not only pomess the faculty i>( conectlng impitie air in 
six or more days, as the experimeuts of M. Priestloy seem to itKlicute, but that they accom- 
piisli this importaut office, in the most complete uiuuuer, iu the course ol a tww hours; tUu( 
this surprisiug operation is by no means owing to ve^tution, but to the infla«Me of the 
light of the son upon the plants ; that it commences only after the sun has for some time 
risen above the horizon, and that it is completely suspended during the darkness of the 
night ; tliat plants .sli.iilfd by tall buildiiif^s, or by other plants, do not perform this function— 
tJwt is, they do not purity the air, hut, on the contrary, exhale a deleterious air, and diffiue a 
Teal poison through the atmosphere wnieh inrronnde tw ; tliat the production of healthy air 
grows Iau<:iiiil iuWanls the cln.-,e of diiy. (UiJ eiiliicly ltusos at sunsc-t; that all plants cor- 
rupt ihu ambiout utmosphere during the night ; that all parts of the plant are not engaged in 
purifying the mt, but onJj ths kwvts and grMu brsadMs $ tlist btttsr, UkiQMUIng, and aven 
poisuu«us ]>hiMts perform this offios equally with tboM which difiaae the swwUMt soents and 

are must sulutury, Ac.'" * 

lugonhousz had thus sucecoded in discovering the force which occasions the 
retjjjiratiou oi" plants. That force which had not before been suspected is from 
the sun, is ligAt. It dlSases itself over the leaves, which absorb it, and fidfiis 
the vast work of regenerating the atmosphere. Thns for the most important, 
as also the most dithcult part of the task was achieved ; hut there remained 
yet quite as much to bo done. The sciences resemble the sieve of the Danaides ; 
etich one trif ^ to till it; no one succeeds, because every discovery discloses a 
new horizuu and presents a more remote goal which is never attained. After 
Ingenhooss, it stiU remained to be asked in what consisted that alteration of the 
air which animals ocGas|<m, and the remedy which vegetables supply. It b&> 
longed to chemistry to anf?wcr, and Lavoisier, though not specially operating 
with that view, furnished the Bohition of thLs new problem. He furnished it on 
that day when he showed that animals absorb oxygen, bum slowly the organic 
materiaia with which they are nourished and return by expiration a quantity 
of carbonic acid containing all the carbon which they have eonsnmed. The 
vitiated or corrupted air, as Priestley and Ingenhousz called it, was consequently 
air deprived of oxygen and charged with carbonic acid, and, since plants purify 
it, thi.s clearly indicates that they decompose that cai'bouic acid, retaining the 
carbon and restoring the oxygen to the atmosphere. 

Oonsidering the then existing state of chemistzy, it might be thought that 
every one would have divined and proclaimed this explanation. It was not so, 
however, and new experiments were needed to discover it. It was a Gcneve?e 
w ho liad comratniced this long train of deductions, and it was another G(»nevese 
who had the honor of completing it. His name was Sennebier; he had been 
the friend of Charles Bonnet, and to his example owed piijFsmt of the sciences 
as well as the councils which determined him to Uie study of the relations of 
plants and the air. He ascertained that vegetables placed in boiled water dis- 
engage no gap in the sun, but that they develop oxygen in abundance when 
the water has been previously charged with carbonic acid. lie thence con- 
cluded that this gas is necessary to the respiration of j>Iants, that it is decom- 
posed by them, and thns had the honor of annonnciug the law already prepared 
and discovered by his predecessors. The question might have now been justly 
considered as solved; but during these labors, which had occupied more than half 
a century, many errors had become mingled with the truths obtained, and con- 
tradictory assertions threw doubt upon ditierent points of detail. A review of 
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all theee pbenomeDS waa neoessaiy ; it was Thomas de Sanaaiire who under' 
took to supply this, and who, without adding any ^pital faet to the cluster of 

prrvions obsfn^ations, snccecded in giving them an experimental confirmatl0a 
which has not Bince been contestf-rl. After these celebrated experiments, there 
was a long period of rest. Physicists and naturalists seem tu have considered 
the questioxi as exhausted, and transfened their inquiries to subjeets whidi 
they thought more fertile. Nevertheless, the more recent labors of MM. Daa.* 
heny, Draper, Clofis, and Gratiolct, and above all of M. Boussingault, have suc- 
cessively intervened tn raise difHculties which to this day remain in suspense ; 
hut I prefer to leave out of view whatever does not possess the interest of the 
general theory, aud shall speak neither of the aaote which vegetables seem al- 
ways to disengage at the same time with oxygen, nor of certain deleterious 
gases, such as the oxide of carboa and carbonat<'d hydrogen, which H. Boussin* 
ganlt has recently detected among the products < f" tluMr exhalations ; nor, lastly, 
(if the attempts made without much success to appreciate the special intluence 
of the different solar rays. What 1 wish to show is, that after the first investi- 
gations above reeonntra, we find ourselves confronted by a second elass^ ht 
more extensive and complex, with which it is now necessary to deal. It is 
necessary to inquire what becomes of the carbon which remains in v^;etable8 
ai'ter the decomposition of carbonic acid. 

. II. 

While the atmosphere furnishes carbon to the leaves, the houglis bring them 
water,_which has been drawn from the ^ml, and it is natural to think that these 
two bodies, in meeting, pa^^s mutually into combination ; they, in effect, do 
combine and in very variable proportions ; we^will cite some examples : if 12 
molecules of carbon unite with 20 moleeules of water they are enabled to form 
either cellulose, which constitutes at once the vessels and entire skeleton of 
the plant, or fecula, which is known by everybody, or lastly dextrine, which 
is soiublo aud of which sirups are sometimes made ; but, according to circum- 
stances and the organs, the proportion of the two bodies may change, and with 
it the chemical products which take place. Thus 12 molecules of carbon com- 
Mried with 14 molecules of water constitute glucose, or die sugar confined in 
ripe grapes; and if tVom ih'.^ prhicose we retrench two molecules of water, it 
is the sugar of the caue or the beet which would be formed. In fine, by pro- 
cesses which are unknown to us, water aud carbon mLeetiug in the leaves com- 
bine chemically, and produce an infinite number of oomponndSf differing ac- 
cording to the plaee, the organs, the nature, the age and the extomal eonditioes 
of the vegetable. 

Besides the substances just spoken oi^ and which are compounrls of carbon 
and water, plants give rise to still another class of subatauces which are char- 
acterised by an excess of hydrogen. These are the gums, oils, wax, balsams, 
essences, &c Whence eomes this hydrogen 1 They form also substances 
in which a fourth element, azote, makes its appearance. X)oeS tlua eome from 
the atmosphere ? is it derived from the humus? These ate questions which 
directly concern agriculture and tor which it must consult chemistry. M. 
Boussiugault is he who had treated of them first aud best, and ha has been 
placed in the most fiivoraUe eireumstances fiir doing so, being at the same time 
at the head of a great agricultural enterprise, and habituated to the moat deli- 
cate procedures of chemicfxl analysis. The methofl hn employs is proper to 
himself; it is sufficiently general and tiexible to adapt itsell to the demauds of 
all special cases. It consists as ioiiows : In a soil previously analyzed is sown 
a small number of grains whose chemical composition has been determined, 
and pure water is applied. This last disappears almost wholly by evapomtian, 
and a small portion only becomea fixed. The plant grows, gaioa in weigH 
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beeftoae !t draws nonriBluiieiitftom the air, and aleo beeatiBe it seeks some in 
the soiL At the end of a certain peiiod of vegetation it is gathered, and then- 

we ascertain by now chemica,! analysos, first, how much carbon, oxygen, hy- 
drogen, and azote it has gained; eecoudly, how much of thof=ie ^nbstances the 
soil has lost — that is, how much it ha^ given up to the plant. The didereuce 
IB due either to the air or to the water. That settles tne aceoont, and event- 
mlljr the bahmce of profits and losses. 

'The application of this method, as rigorous in its conception as difficult in 
its practice, has disclos«'d a first fact of the same order as the decomposition of 
carbonic acid. All the plants have acquired an excess of liydro^n which 
comes to them not from the Bull ur the air, neither of which coniaiuci any ; it 
hs8» theveforet of neeessitf , been derived from the water. Plants, then, do not 
limit their action to separating oxygen from carbon ; they also diyofoe hydro- 
gen and oxygen, retaining the first, cxpelh'ng tha Bocond. The water was hy- 
drogen burned, as the carbonic acid was r irlnm cou.suincd ; in both cases the 
plants have destroyed the effects of the combuBtion by delivering up the com* 
bnstible bodies in the state in whieh they were before they were burnt. Xn 
Terifyiog this action, finally exerted on the water,' it has not been ascertained 
when it is ^eeted (a in what organs accomplished. 

A second consequence flows from the analyses of M. Bougshigault, namely, 
that (!V6:ry plant arrived at maturity has gained azote, which is deposited chiefly 
in seedb ; and a^ this azote may come either from the air which contains it 
in a ficee state, or from mannres which have conmranicated it to the soil, it was 
neoeesary to institute special experiments to determine its origin. M. Boussin- 
gault proceeded as followB : he firt^t r*owed trefoil (clover) in a soil formed ex- 
clusively of calcined sand, wliich could only furni?ih to the plant mineral sub- 
stances and the pore water with which it was moistened ; as to azote, it con- 
tained none. Tmder these exceptional eimditions the trefoil still completed all 
the phases of its vegetation, and in the end it had acquired a small but positive 
proportion of azote, which ncccs'sarily came from the air. The Jerusalem arti- 
choke gave the same result with greater dif-tinctness. AtYer ha\*ing matured, it 
contained twice as much azote as the seed, from which it sprang ; but when the 
attempt was mode to reproduce the experiment with cereals, and above all 
with wheat, it was foona that the aaofee of the grain was carelhlly preserved, 
but had in no degree augmented. 

In all tliC3f» cases the vegetation of the plant;? was extremely cmharras^»od, 
none of tbem having the a.spect of healthiness which is witnessed in rich soils; 
llie artichoke, however, suli'ered less than the trefoil, and this less than the 
wheat, whieh could not advance so fiir as to matore its grams. The reason of 
this is evident—asote was wanting ; all plants need it, the cereals exact it» and 
when they do not find it in the soil they languish and often die. In order to 
confirm thia conclnsion M, Bouasingault submitted to a comparativ(j trial three 
plants of keliaalJiits placed in three exactly similar pots, filled witli pure sand 
snd moistened with pore water. The first received no manuring, but to xhe 
second were supplied eight centigrammes, and to the third £[teen centi- 
gfammes of azotate of potash. From the first days the plants exhibited the 
difference of the treatment to which they were subjected. The first languished 
and died ; tlie second vegetated, but remained sickly ; the third was rfm;irka- 
ble for its fine health. At maturity, the second had borrowed from the soil 
Ibor eentigrsnunes of asotate of potash, and. the third eight Bnt what was 
ehiefly remarkable was, that during its progress the last decomposed twice as 
much carbonic acid as the second. The azote thus performed ilie part of ex- 
citing the otlier functions and of giving to tlin subject which receives it, or of 
taking away trom that which ia deprived of it, the vitaUty without which it 
eonld not aet upon the atmos^ere. 
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XoTT, be it remarked, a plant contains more than the half of its weight of 
ca-rbon aud only Bome thous;uidtli-^ of azoto. For what, then, does this sub- 
fitauce derve in vegetation, wLich is 6o uecebbaiy to ii, although introductid iii 
se weak a proportion! JC. Pay en will teaeh na. According to this Bkilful 
cAemist* alltlie organs of vegetables commence by an azotized matter aualo* 
gous to fibrine, to which arc added by little aud little the cellular aud filirous 
tissues which, in expaudlug, produce the entire plant. This fibriue is uever 
destroyed, is found in ail its organs, and is thua the rudiment of all the parts 
of the plant, which cannot be developed without it, and coneequeutly without 
the asote, which is its essential base. In fine, plants are composed of carbon, 
water and hydrtigen in excess ; they contain brides a foorth simple body, 
azote, which occurs in a very minute proportion, but whose presence is essen* 
tial to life. The atmosphere turuir-hes carbon iu abundauce ; water, that is to 
Buy oxygen and hydrogen, is given by the rains ; azoto is rc<|uirod from the 
sou, and as it is rare therein we introdnce it under the fbrm of mannre. It ia 
the great care of the agriculturist; it is the heaviest* the most indispensable* 
and the most productive of his expenditures. 

in. 

Notwithstanding the important knowledge which we poss^ on the subject 
under consideration, it id still impossible not to recognize on many points the 
iusuthciency of our information. Tbat which is most inexplicable in our world, 
that which tihunld most awaken our curiuaity and invite our researches, is the 
great physiological &ct of which I have related the discovery. The chemists 
have assiduously studied carbonic acid ; they know all the properties it pos- 
sesses ; they can foresee all the reactions which it occasions or undergoes iu 
the conditions iu which it pleases them to place it ; they are ignorant of none 
of the circumstances which produce it or destroy it ; but tiiey hav e never seea 
it steadily decomposing under the influence of light in the presence of somo 
inorsanic matter, and yet, what they cannot effect, the smallest leaf shone upon 
by the sun produces instantly with a rapidity and abundance which the 
naturalist regards with admiration. In ten hours an aquatic plant yields fifteen 
times its own volume of oxygen ; a single leaf of the water-dily diffuses 30O 
litres during each summer ; and M. Boussingault having directed into a va^se 
filled with vine leaves. In the sun, a current of carbonic acid, received on its 
exit only pure oxygen. Now we are obliged to acknowledge that this fact, so 
common, so easily accomplished by the leaves at every hour of tlie day, cheia- 
it^try can neither comprehend nor imitate. 

If we cannot understand and imitate the conditions of a fact relatively so 
simple and so definite, what must not be our embarrassment when we would 
analyze the chenucal and physiological phenomena which ema» firom it t We 
gee in effect three simple bowesy and rarely four, eombine in relations indefi.- 
nitcly vai'iablc in order to give rise to the most numerous and different eom- 
pouuds — wood, 3tarch, sugars, oils, wax, balsams, essences, both fnigraut and 
offensive, delicious fruits aud viuieut puibons, acidei like vinegar, aud alkalis 
like quinine or str^chniue, colorii^or colorless substances— in a word, products 
whose infinite variety transcends the dreams of imagination. Not without dis^ 
may must we measure the depth of our ignorance in the presence of phenomena 
eo multiplied, and whose raoelianism escapes us so absolutely. 

There are, however, ill-disciplined minds which wish to explain everything, • 
especially what they are most ignorant of. It has been said that plants proba- 
bly contained compounds of carbonic acid and of azote, formed at ni«;ht and de- 
composed in the light during the day ; it has been also said that there exists 
in green leaves a sort of iermentation deriving its activity fimm the aut^ and 
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irliose function H is to decompoie OMrbonic add. ThMe explanations have not 
only the defect of being illusory and conjectural, they are demonstrably false, 
for the pounded leave-, which preserve the same composition, ought then to 
continue the same fuueiiouB, which is not true. There is also a whole school 
of naturalists who content themselves with ascribing the fbnctions of vegeta- 
bles to what thej tall l i fe '" * kind of unapproachable ibiee which' enffioes to 
explain everytliing by the eole virtue of its name ; these appear to me to re- 
nouno'' r^n of sclentiA? progroa?, like the ignorant dev'ot(5es who explain all 
pln'TiniuLnia by aaying that God produces them. It is God, beyond a doubt, 
wiio iia^ ordered the world, but he permits us sometimes to inspect the me- 
efaanism. Withoat donbt, also, it ia life whieh diepoMB the fanetions of beings, 
but before proposing it as the final oanse and nldmate explamdaon of facts, it 
behooves to know a little what life is, and of what contrivances it makes nse. 
We see to what weaknees Ave are reduced as booh as the basis of experiment 
fails \xSf when, in order to till up the gaps ot our knowledge, we strive to grap- 
ple onreelves to hypotheses, to unexplained forces which explain nothing. X^et 
us honestly avow onr ignoranee, and gird up onr loins and seek. 

To console onreelTea for this avowal, which nay poeaibly hurt onr aelf-love* 
and to find encouragement for the labors of to-morrow, let n» measure, with a 
Tiew to their consequences, the importance of th(! facts which we know to-day. 
If plants give out oxygen, animals absorb it, and a compensation is establii^hed 
between Uieee inTerse fbnetione. We can demonstrate it experimentally by 
eonfining under a glass bell an animal and a plant. Separatea» each of them 
would die — the first by being suflfocated in the carbonic acid it exhales, the 
pecond because it would be deprived of this gas which nourishes it. United 
in the dark, the animal and the vegetable would injure instead of aiding one 
another; but in the light of the sun the life of the one supports that of the 
other; Uie animal* boniing his aliments* fbmishes carbonie acid to the plant, 
and l^e latter restore to the animal the oxygen which is necessary to it. This 
experiment vronld he in little the image of the world, and it is tlius that Priestley 
conceived the eternal equilibrium of it. Nothing can be more grand and 
bcauldui tiian this thought, but it is necessary to complete it. If the bell of 
which we have jost spoken were very small, the least ezoBBs which might occnr 
in the respiration of the animal, or the least interruption in the action of the 
sun, would exaggerate the quantity of carboinc acid and cause first the animal 
to perish, and then the vegetable. Are we, then, exposed on the earth to a like; 
danger, and are plants so necessary to us that we must cease to live as soon as 
thej should .cease to act t Bdieve it not, for we shall demonstrate that this 
foir wonld be Tain. The human population of the globe may be approxi- 
mately rated at a Uioosand millions of individuals, and we ^haU not be fiur 
from the tmfh in a^aiiming that all other animals taken together exert upon 
the atmosphere, by their respiration, an effect equal to that of three thousand 
millions of adiilt men. This makes for the wholu animal kingdom a population 
equivalent to font thonsand millions of human beings. Now, as the mean 
qoontity of oxygen which an adnlt human being consumes in a day has been 
measured, wc can calculate that of the total population of the globe. It is 
very great, no doubt, but, on the otln'r hand, the provision of oxygen in the 
atmosphere is greater still. It is so much greater than the consumption of 
anhnatfl that it wonld require eight thonsand millions of years to exnanst It, 
In eight centuries U would fan bnt a millionth part, and if the vegetables 
ceased their action, it wonld require at least two thousand years before the 
nicest chemical analysis could avail to detect a change in the composition of 
the air. The service that vegetables render us is therefore much less inxme- 
diate than Priestley thought ; it is a service of distant reversion, and we may 
withoat ingratitude relegate onr aoknowladgmeota to posterity. 
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Bat the earth is quite old, and it i& not irapoasible that its atmosphere lias 
undei^one, since t1i<* creation, progressive changes which have become, rery 
considerablts tlirougli the laptie of mauy ages. We have here a very ciirions 
question, which has been considered by Brougniart, and which we will 
proceed to Btody with him. The earth ooYera enormoust we might say inex- 
haustible, masses of carbon under the form of coal, authracittfi lignite and peatr 
and it cannot be doubted for an instant that these deposits are not the accuraii- 
lated fossil remains of innumerable vegetables. Now there is for a plant l)ut 
one single mode of acquiring cjurbon — to imbibe it in the form of carbonic acid 
from thb airi and conaeqneatly all those masses of coal which coTer Belgium, 
England, a large portion of America, iad which are found at all points of 
the globe, were once diffused in a gaseous state through the atmosphere; 
they were there combined with oxy^e,a, and the globe in th-* beginning was 
involved in an aeriform envelope which contained azote, a great deal of car- 
bonic acid, little or no oxygen. If we add that, at the moment, the earth was 
ineandeecent* we see that all the carbon most hi effect at that temperature 
have been burned on contact with oxygen. 

Thn^ ron-tituted, the earth cooled down ; but th^ composition of its atmo- 
sphere rendered it uninhabitable for animals, since they had need of oxygea 
and there was none, since they would have been sutfocated in the carbonic 
acid and aaote which prevafled at the moment. Hence the first strata of sedi- 
mentary deposits contain no animala. In retnm, the earth was as favorably- 
prepared for the production of plants as it was unfit for the nourishment of 
animals; it was sopn, therefore, covered with luxuriant forests, whose remain.^, 
in accumulating, formed coal. We find therein all the species then living. 
There were gigantic equuetunut arborescent ferns comparable to our oaks, and, 
palms which towered aboye ereiything that the vegetable kingdom now oflbrs 
us. And while these immense deposits were forming, oxygen, perpetually dis- 
engaged by the action of the sun, was gradually impregnating the atmosphovo 
and preparing it for tlie advent of tlue animal tribes. Of these, in due time, 
the first creations made their appearance, having since varied from age to age.' 
At the epoch of the coal formations the forests were tenanted by huge reptiles, 
cold-blooded animals, for which little oxygen sufficed ; but it was not till after 
the nearly total disappearance of the carbonic acid that the earth witnessed 
the arrival of the mamraifers, which had awaited a richer atraosphere. 

There are those at ouce timorous and ignorant who seriously ask what will 
become of the earth and themselves when mankind have burnt up all the coal. 
I will tell you, honest folks, what will become of m. The coal will have 
again been converted into carbonic acid, oxygen will have disappeafed, and 
the great vegetiihle tribes will return ; but if it is true, as they would persuade 
u^^, that the Hnimal species, by growing gradually more perfect, hare advanced 
from the primitive forms up to man, the return of the elements to their poiut 
of departure would bring man back to his origin by an inverted degenerescenee. 
To have had crocodiles among our ancestors, be it so ; but to see in perspec- 
tive a posterity composed of idkthyosaiuri* thia certainly ie the moat aisheart* 
ening of metempsychoses ! 

But to retnm to serious matters : if we are ignorant of the mechanism of 
the living organs, at least we know the functions they fulfil, and can express 
•clearly the part which they play in the physical world. With the water and 
azotized substances which they take from the soil, with a gaa which they col- 
lect in the air, vegetables compose organic matter, which they accumulate in 
their tii'Mues and which they hold in reserve for the use of animals. The vege- 
table kingdom seems to be only a great iaburalorv, an atelier of productioa 
wheve every plant has the same fiuictionr^that of forming mat e rials as vaned 
In ibeir composition as «fe 1ib»iomii of aadi one of them. To this commoa 
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character it is necessary to add another, which is that receiving as pfimaij 
material cfirbonic acid and water, sub3t;l•^(•^^>» burnt, plants havo tlio faculty of 
expclliuy ilm uxygen and of extnictiuj^ troin tlii;m the cMrbou mni hydrogen, 
Lu vvliich ihey ro^iloro tUo property of being BUtioeptibie of being barut auew. 
These chemical actions take place within their orgaost but iheae ofgans are 
onlj the seat of them; the cause of these actions is withont; it proceeds firom 
the SQQ. 

The animal has received a diametrically opposite mission. It creates not, 
it destroys ; in place of solidifying the liquids and gases, it separate them and 
restores them to the atmotfphere ; in fiiu}, far ftom hringping back hodies to the 
eombostible state, it bums them* The herbiTotous animal derives all his nour- 
ishment from plants ; he transforms a part of them into water and carbonic 
acid, he accumulates tlio rf^t in appropriate organs. Tlie carnirorotig profits 
of these reserves, and (inidhes by restoring to the atmosphere what vegetables 
have extracted from it ; what the herbivores have preserved of it, and whatever 
the class to ▼hich it appertains, ever^ aiiuiial reiects by the natoral ducts an 
abundant provision of azotized matter which it deposits on the eoil. It is pie* 
ciscly this matter which vegetable:i tak«' up attain, without wliich thpy ranp.ot 
live, which they possess* tl^e yxiwer of elaborating, transforming, accumulating, 
aud wiiich they return to animals ai'ter having restored to it the nutritive quali- 
tiea which it had lost. Thos is closed that admirable circle of opposite trans- 
fennations and of matnal sernces where w © see the animal and the ▼egetaUe 
eternally exchange the same matter ; this, which receives it gaseous, disoxi- 
dizing and solidifying it; that, which receives it combustible, again d!*pf'r^*ing 
anew after having burnt it. Prieotley saw in plants predestined bervitorb whose 
office it is to purify the air ; but they have another function much more imme- 
diate and render us a service <|iiite otherwise indispensable, that, namehr, of 
eztractmg and preparing onr aliments. Their action on the air would only he 
sensible after a long succession of ages ; but if a sinp-lf year drought annihi- 
lated the fruits of the earth, a frightful famine would destroy in a short time 
all the auimals which the globe nourishes. 

From the snu it is that daOy nourishment, life, force, and all onr power is 
deriyed. The light, the chemical emanations, all the rajs which that orb sends 
08, are extremely rapid vibrations, analogous to those produced by sound ; 
there is movement, there is force ; as soon as it reaches the plant that force is 
absorbed, it disappears, it is extinguished. But no force is extinguished ex- 
cept on the condition of having produced an effect, performed a work which is 
its equivalent. Now the work performed by the light which the leaves absorb 
is decomposing the carbonic acid. So, too, let it not be forgotten, there is 
needed a given amonnt of force to disunite a given quantity of oxygen and car- 
bon ; it i.s the sun which every hour of the day furui.shcg it gratuitously. 

If now we place in presence of one another this oxygen and carbon, and, 
by an inverse operation, combine them by bnming this carbon, they wQl pro- 
dace, in nniting anew, all the force which it had been necessary to expend in 
order to separate them; that is to aay, all which the sun had furnished. There 
will be heat and light, as experience shows, and there will be force also, which 
may be collected by means of calorific machinery and employed in our service. 
And we shall do well to reflect that it is the snn which has prepared for us 
that lieat, that light, and that force; which has furnished to the carboniferoos 
forests at an epoch when o&sn as yet was not, wh:it man recovera and disposes 
of to-day. 

And what is true of our inanimate furnaf'os will be found to bo repeated in 
those living furnaces wuicU we call auimals. They likewise burn organic 
materialf prodoce heat which elevates their temperatore, and develop force and 
movement : a force wliieh they do not creatCi which they owe to thaft veij corn- 
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bustion, and tipML the same terms as do steani'ioachliies ; a force previously in- 
fused by the sun into planta, absorbed by them, virtnally preserved in their 
products which are our t?UBtenance, which we disengage by respiration and 
which our muscleti apply uuder tho direction of our wonts and our will. This 
whole grand genenlisation of the phenomena of the world is the work of mod 
em ehemists and physicists. It was MM. Dnmas and Boussingault who first 
disen<ja<^pd it ; the meclianical theory of heat completed and demonstrated ift{ 
hnt it already existed entire in the (ionceptiou of Lavoisier when he wrote : 

"Orgmiization, spontaneous movement, life, exist only ou tho surfiico of the earth in 
places exposed to the light. It might bo £iatd that the of the ton-h oi Pruuiethous was 
rae ai^tiMtion of a pbuiosopbical truth which nad not escaped the liucicuts. Without liglit 

nature would be without life — It would b*^ dr nd and inanimnte. A betiL'ficent God, iu snp- 
plyiug hght, hua spread over the suriaco oi lixa uarth oigam^ation, seatuueut, aud thought.'* 

IV. 

If during the regular course of its existence, a v^etable accomulates organic 
matter, there are nevertheteSB two moments when it loses this essential character 
and comports itself like the animals : it is at theeommencemei^ and the ead of 
its life, when it germinates and when it reprodaoes itself. IStvery seed, besides 

the embryo which tor long years pi-eservcs the principle of life, encloses a pro- 
vision of organic matter desimed for the hrst nourishment of the springing plant. 
Ca:3t on a warm aud humid doil, it germiuates ; its radicle seeks ia the soil 
point of support and liqnids; the germen rises npward; the semiiial leaves or 
c I \ 1» Ions are developed, and the rudimentary plant IB established in virtue of 
intrinsic and transmitted life. Now, during this fir8t period, the provision of 
accumulated matter is divided into two parts : one is burnt by a sort of respira- 
tion, the other, undergoing complicated chemical actions, is transported iuio the 
organs and there becomes fixed ineonstitnting them. Everything occurs nearly 
as in an animal and withont any intervention of light ; but after this primitive 
phase, when the respiratory organs have received their first development, the 

Slant waits for the rays of the sun to continue its evolutioji, anfl, as soon as 
lese reach it, it inclines towards thera as if eagerly to collect them, ii beconie-d 
green, aud commences, only to desist at its dcatii, that deeompositiou of cur- 
bonie aeid and that aeenranlatbn of matter which is its fonetioo and its pre* 
destination. 

In order belter to study this period of intrinsic life in the seed, M. Boussin- 
gault conceived tlie happy idea of prolonging it hy indefinitely rcf nding ihe 
action of the lisht. The experiment was made with peas, in a soil without 
mannre. After having germini^ed, thev eontinned to grow, giviug forth a pale, 
slender, creeping stem which at length perished withont having home seeds* 
During this whole period the peas continn^ to work up the organic material 
originally contained in the seed, and in proportion as their life was laboriously 
prolonged, they dispensed it by little and little iu order to sustain it. At last, 
each plaut had lost more than half the carbou which the seed had originally 
provided. While this experiment was going on in darkness, other peas, sowed 
al tiie same time, were sneeessivelr transferred into the light. From that 
moment everything became changed ; real life was developed, and the pl;mt, 
being now able to avail itself of the nourishment contained in the mi-, gaiucd 
each day, ia the son, very ue;iriy as much carbon as it hod previously coa- 
snmed hi dadmess. 

In natnre all things toneh upon one another: vegetables in the seed, animals 
in the c^, appear to accomplish the same acts and exist in the same oonditions. 

In both cases, a mass of organic matter accompanir's tlie germ; the egg aud 
the seed may preserve for an indeterminate length of time the virtual principlo 
of li&. A little heat will commeuce the evolutiou, aud from that moment the 
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oi^anic matter, absorbed by the nascent tissues, transported hy the vessels which 
are forming, takes its placn hi the organs into whose constitution it »'nt'M-^. Dur- 
ing this whole period, the plant and animal aubsist on ihcir own reisources, 
drawing nothing from without, and to complete tlie analogy, they burn a por- 
tion of their own snbstanee. Bj and hy, when all te ezhanBted, the animal, 
alieady fbnned, is pr^parad to live, as the plant, already delineated, is prepared 
to vegetate, and a f orTimmi w?iiit <!l^•pl^ys ifsolf at tho "-xme moment in both 
existences: that of liiuiirig oxtornai nourishment. From thU point all analoj^'y 
ceases, and the aeparatiuu of the two kingdoms commences. The vegetable 
creates and rednoes, the animal destroy^ and oxydises. 

Let ns pnrsne these analogies. In every flower that opens, botany of late 
has shown ns the organs of two opposite sexes which concur, each after its 
character, in thn fecundation of the ^erms. Now, at this momr^nt, when the 
flower seems to borrow that sexual function of reproduction which we might 
think to be the exclusive privilege of animals, it again imitates them in burning 
^e organic material by an active respiration. *' All flowers," said Priestley, 
** invariably exhale a deadly air daring the day and during the night, in light 
and in darkness." Daily experience confirms this assertion, and De Sanp?ure 
has shown that this poisonous f;as is carbonic acid. At last one of our most 
Justly celebrated chemists, M. Cahours, has given us the results of a recent and 
complete study of this respiration of flowers and fruits under all circnnutanees. 

If it is truo that this combustion of organic matter, that this expenditure 
and loss of force, be necessary in itself to accomplish the act of fecundation, it 
is in the sexual organs ('specially that it fhould be present. Experiment in 
effect has confirmed this coiijecture, and it has even been ascertained that it is 
the Stamen, the male organ, which dispenses the most. Nor does this fact stop 
there. All combustion disengages heat: it is to their respiration that animais 
owe their hi<^h temjKtrature, and it is of COUise necessary that the stamens and 
pistils should develop heat since they respire. The qiiestion was to find ther- 
mometers sufficiently sensitive and a suitable plant. The first vej;etable which 
has allowed the verification of a rise of temperature is one which would never 
have been suspected of so much ardor, the pumpkin. Its flowers are large, 
and admit of the introduction of the air-thermometer ; some of them are male 
and oiIr re female^ and the latter have evinced a greater diBgjce^ of coolness than 

the former. 

StUl the gourds, melons, and pumpkins grow warm in but a slight degree, 
and so, it might be said, resemble the cold-blooded animals. There are plants 
which resemble the warm-blooded animals, and these are the Arums. One of 
them, the Arum maculeUum, which is found abundant in hedges, is enveloped 
in a rolled leaf which enclof^es the flower in a chamber, and which prevents the 
heat from being dissipated in space. Obi?erve now the biugular phenomenon 
which has been perceived by Lamarck, bennebier, Bory de iSaint Vincent, and 
by De Saussnre ntmself. Habitually the Arum is cold, but at a given moment, 
which must be >vatched and skilfully improved, the temperature of the plant 
raised from 7 to 8 degrees above that of the atmosphere. Hubert, a truly sa- 
gacious observer, succi'eded in introducing a small and very sensitive thermome- 
ter, sometimes among the stamens, which became heated to 22 degrees, 8ome> 
times among the pistils, which produced an action one-half less. The other 
parts of the plant manifested no special action. By care and watchfulness, De 
baussure surprised four Arums at the moment of calefaction, and placed them 
under a gln^^a bell filled with air. The glass was immediately covered with a 
moisture which attached itself to the surface, a great absorption of oxygen took 
place, and a correspondent production of carbonic acid. In its chemical acti n 
and the energy of that action, the pbmt was comparable to a small animaL At 
another time De Saussuie decomposed the plant into different parts, which ho 
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studied ecparatelj : the 8exual organs oonsamed 132 xoeasnres of oxygen, «tid 

the rest of the flower oul}- '!0. 

Alter tVrii!Kl!?tion, the tvmt begins to be developed and the plant to uourit»h 
it. Not only doeti the plaat iuroish it w.ith the matter accumulated in ita own 
tissues, hat with a quantity greater still, whieh it burns hy a respiration proper 
to it* The whole lii'e of the vegetable seems then exclusively devoted to the 
accomplishment of this last duty of nourishing the fruit. In this task it im- 
poverishes itself ; the beet and the cane dispense all the 8u«;ar they po?sepsed, 
every plant exhausts the provisions which it had accumuhited iu the p(!rio(i of 
its youih, and when the fruit is mature, the vegetable, if it i^^ annual, is reduced 
to a diy skeleton, and if it is perennial, sinks into the repose of winter, to te* 
cover its forces and recommence, the following year, its providential function. 

The subject under consideration, brsirlf s tho qu'-stionH of detail which I pro- 
posed to examine, contains a great truth with which 1 shall conclude, namely, 
that our world does not suilice for itself, because it is dehcient iu force ; but it 
recetres this from the sun, diflnsed npon it in the fonn of rays. And it is by 
virtue of this action that life on the globe is transmitted under two antagonis- 
tic forms — vegetable life, which accumulates force by creating organic matter, 
and animal life, which consumes and dissipates that which the sun fumisheSt 
that which vegetables absorb and treasure up* 
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Bdbbau 01* KATHUTiinrt Katt Bbpartment, 

Washington, April 20, 1865. 

Djbar Sir : The protection of the hottoms of iron vessels from corrosion by sea water, and 
from fonlinif wHh animal and ireMtable maftler, is one of the rabjeets referred by this Depart* 

ment to the National Academy of Sciences for examination and report. I need not enlnrpje 
upon its paramouut importance. A memoir by M liecquerel, on this subject, in the ^x&t 
number of the fifty-nintn volume of the Comptes Ritndua, has recently attracted my noticot 
and I think the publication of it in English may be serviceable by calling the attention of 
professed chemists and other systematic experimentalists to the strictly scientific treatment 
of the question. 

I have the pleasure, therefore, to send you the accompanying translation, which I should 
be happy to see preserved and widely circulated in the pages ol your valuable reports. 
I have the hoiuv to bei xenp«otfUl7, Toar obeow^ 

C. H. DAVIS, 

Rear' Admiral, and Chuf of Bureau of Navigation, 9 

Fm£ Joseph Henrt, LL. D., 

Seentarg Smtkamiitm Buti$iition, WoMagton, D, C. 



The presemidon of metals at sea, especially of copper and iron, has in oor 

time become a vital question on account of the transformatioii of the navies of 

all nations; a transformatiou suited to bring about a change in their mutual 
relations. Since this question fallrt within the province of the pbjsico-chemical 
Bcicuces, I have considered it niv dut^ to give it particular attention, with 
. the hope of adding hj my own ewnts some new data in aid of its solution to * 
those which we aueady possess. 

This question presents great difficulties, proceeding from nnmerous canses 
which contribute to the alteration of inctald. All tliese causes, whether me- 
chanicAl, physical, or chemical, exercise an influence over chemical action, and 
consec[ucntly over the production of electricity, which gives rise to isolated 
Toltaic couples. They can only be effectually eontroUed by the closest inyesti* 
gation and by contending* so to speak, with each of them singly. 

Finding it impossible to communicate the whole of my labors to the Academy, 
I shall confine myself to laying belbrc it a concise abstract of the principjd residts 
of my investigations, in order that it may ^et an idea of their whole scope ; but, 
before doing so, I will cite those results which have already been obtaiB«d on the 
samesnbje^ and thus make the Academy acquainted with my point of departure. 

In a lecture delivered January 22, 1824, before the Royal Society, ( Annates 
dc Chimte et de Physique, t. xxvi, p. 24,) Davy informed his audience that 
the r;i])id change in the copper-shcatliing of vessels-of-war, and its unequal 
durability, had excited the particular attention of the lords of the admiralty, 
who employed him to inyestigate the means of preserving the sheathing; and 
that he immediately undertook a series of reseai'ches which led him to the dis- 
covery of an important principle, according to which a metal which is electro- 
positive in salt water, being converted into an eiectro-negativoi is preserved 
firom all alteration, at least within certain limits. 
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Davy admitted the theonr of eontect, ihal li» ihe prodoetioa of elMtrieitjr 

hy the contact of two metals, reaalting ficom miitiial action. Chemicsl action, 
juicordrng to him, only served for the transmiHsion of elt^ctricity from oue body 
to another. This^ view prevouted him from deducing from his diacovery con- 
Bequences which naturally llow from it. Hia first statement was, that a piece 
of zinc of the size of a pea, or of the point of aa iron nail, was quite sufficient 
to preserve from 40 to 50 aquaie inches of copper wherever pUeed* and tliat a 
litUe pieee of zinc having been fixed on top <» a pieoe of copper, and a much 
larger bit of iron below it, and the whole immersed in salt water, the cop- 
per not only was preserved on both sides, but the iron also, which, after a 
fortnight, had kept its brightness cuuully as well as the other metal. lie con- 
olnded from this, at once, that small qnantities of sine, of iron, or of east-iron* 
when placed in contact with the coppernriieathing of vessels, prevented its cor- 
rosion. He added, besides, that, since negative electricity could not be regarded 
as favorable to animal or vegetable life, because it cau;>ed the precipitation of 
magnesia upou copper, a substance very prejudicial to land plants, this elec- 
tricity ought to help to keep the bottoms of vessels clean. 

The lords of the adminlty having frunished him with the means of ezperi- 
menting on a large scale with his mode of preserving the copper-sheathing of 
vessels at Chatham and Portsmouth, he established the following facts :• Sheets 
of copper in contact with zinc, iron or cast-iron, over or -j^jVo P^*"^ their 
suriiicc, havine been exposed for several weeks in the uarbor of Portsmouth to 
the action of we tide, uid their weights having been d«tendned before and 
after the experiment, Davy found that when the aaetdBe protector covered a 
surface of from to jhj of the copper, neither corrosion nor diminution of the 
latter metal took place, but when the ratio was from to the copper under- 
went a loss of weight greater in proportion as the protection was smaller. Ho 
considered cast-iron, a substance so readily and cheaply found everywhere, as 
the best and the most appropriate fat the protection of copper, and as lasting* 
as long as iron and naa* 

The sheets of copper of two email vessels, thus protected, were kept per- 
fectly clean for several weeks, as long as the metallic surface of the copper 
had remained uncovered j but as soon as the metal was covered with carbonate 
of lime and magnesia, plants and insects collected there, 

Again, we find the following &etB in the Fhfloeo^hieal Transactions of Iion« 
don for iS26, pp. 340 et teq. : 

"The first oxpcriment of this kind was tried on the Sammaranff, of 28 guns, in March, • 
18M, and which had been coppered three yean befiwe in India. When she came into dock 
at that tbaofl^ be^m slw was proleeled, rile was eevered with tliiek green carbonate and sub- 
moriate uf copper, uud with u uumbcr of long weeds* piiadpally fuci^ and a ([uautity of 
zodpbites, adheriug to different parts of the bottom. JPot the purpose of pzotectioo, Dayj 
employed eaiit-iron, eqnal in mmo& to abont i^ of that &t the copper, whkm was applied m 
four masses, two near the stern, two on the hows. Slie made a voyage to Nova Scuiia, and 
returned ia January, ld25. Wheu she was again brought into dock, there was not the 
smalleet weed or shell-fish upon the whole ef the bottom wm a few fM mmA Ae storn-pro« 
tcctors to the lead on her bow. Round the stom-protectors there was a slight adh<;si<ja of 
rast of iron, and upon this there were some zoouiutes of the capillary kind, of an incb and 
» half or two ini heii in length, and a number efmiaate bamacwa, botii Leptu mimt\fgrm and 
Balnnut tintinnabulum. 1< or a f<»nsi(lernbU'. space round the protectors, both on tho stera 
and bow, the copper was bright; but tho color becauie green towaida the central ports of 
the ship; yet even here the niat.or verdigris was a light powder, and only small m qaaa* 
tity, and did not udben^ «r eoSM ofl^ in acates» and. then iiad been evideotij little eoftpcr 
lost in the voyage. 

**Tbe yarht Elizabeth was protected hj about part of malleable iron placed in two 
masses in the stem. 8he had been oecasionally employed in sailing, and had been some- 
times in harbor, during six months. When Davy saw her, at the end of this time, she was 
pedsetl7ciatta,aDdtlieeqpperapp8nntl|7miloiiehed. Uar owner tatfocmed him that thitc 
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never had been the slipfhtest udlipsion of either weed or shell-fisli to her copper, hut thftt a 
few small baruack'S had ouctyippcurtHi oa the hio&o oxide of irou in tke ueighhuihuod ut' tLu 
protectors, which, however, were immediately and easily washed off. 

"The Canebreii Castle, a laroe vessel of upwards of 650 toiiH, was furnished with four 
protectors, t^vo on the stem and^two on the bow, equal together to about t^i of the snrfatef 
of Ibo copper. She had been proti'ClcJ more than twelve innii:h><, and Lad made u voyage " 
to Calcutta aud back. Sha cama into the liver p«r£ictly brigkt, and when examiuod ill tLe 
dry dock was foimd entirely fi«e from any adtmnon, and olftnod a beaotifnl and almost nol- 
isli 1 I r and there seemed to be BO gveater wear of copper than oould b« acoonnted for 
Iron: iiu I hunical caiutes." 

It follows from the preceding facts tliaf, wliotlier in sea water or tlie salt 
water of the laboratory, the copper shccf.s wLicli arc at rest in salt water in- 
crease in weight hy becoming covered with earthy or alkaline deposits when 
they are protected by a proportion of iron below ^1^; and if this proportion be 
contained between ana j^^, the sttifaee seems to be preserved without 
recciviuf^ either deposits or zoophytes or shells. 

It appears that Davy devoted Iiiinself to determining the limits on the sur- 
face within which the protection takes place, but not at all in the thickness. 
He neither takes into account the Ujer of ozvchloride of sine nor of copper, 
oxjchloridc mixed with particke of one of tnese two metals, which, by op- 
posing the reaction of salt water, stops the protection. The whole question 
fiea tliero, and Davy studied only the theory of coTitact. 

Although several of the preceding experiments have fnmiphcd favorahle 
results, nevertheleiss the process of protection was not adopted ; the reason 
assigned for it was the negative condition of copper, which fairoied the deposit 
of maxine bodies to sncb an extent as to diminish the rate of sailing. 

We shall see presently that the deposit of marine bodies wa^i not to be 
attributed to this cause, since the major part of the protection had disappeared. 
It haa been remarked, however, that in order to preserve the copper the pro- 
tecting metal mnst he oxidisEed. He had snch a strong belief in this theory 
. that he asserted that a piece of sine of the size of a pea, or the point of au iron 
nail, was suflScient to protect copper plates of 256 to 320 square centimetres of 
Eurffice, immersed in sea water ; this preservation could la.st only for a short 
period, as the piece of zinc, or the point of a small iron nail, wjis rapidly de- 
stroyed. There is, withal, in this nothing to inform us whether, in the means 
of preservation employed at sea, a thought was given to the disadvantages 
resulting from the destruction of the oxidable metal; it is not, therefore, aston- 
ishing that the copper-sheathing became foul, to nso the seaman's phrase, and 
was covered with organic bodies. Tn addition to the above, it is tho f aine with 
regard to the production of electricity for preserving copper or iron ut isea as 
irith regard to the |nrodaetion of heat ; in the latter case it is necessary to keep 
np the supply of the combustible material, and in the former to provide for the 
replacement of the oxidable metal according as it is destroyed ; tnis is an indis- 
pensable precaution to secure; its preservation. 

The causes of change in metals are numerous. We will cite particularly the 
hetcrogeneousness of parts : the difference in the mode of aggregation of particles, 
the presenoeof any bodies whatever on the sux&ee of metals, of grains of sand 
fyr example, or spots of rast, strokes of the hammer &Uing here or there, prcs- 
sure, a simple fold or corrugation, &c., are SO many causes which give rise to 
voltaic couples on the surface, and which destroy a protection otherwise suitably 
selected. The friction of water must still he added, as M. Ed. Becquerel has 
shown in the interesting experiments which he repeated at Tonlon, while aiding 
me in my investigations. 

From this it may he seen why it is that metals like iron, that are forgerl, 
wrought, and hammered, present so many causes of change, which are removed 
by means of protectors, arranged according to electro-chemical principles. This 
explains, what experiment proves, why it is that the dectiicRi oonoition of the 
proteeted metal does not always ibUow a x^golar lav. 

la 8 
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I havo lif'pn !?niflcd in my researchf? hy an rmportfiTit pon«i(3f>mtinn. wliiVh T 
will here mention: it has been discorered, that in owdcv to (Icconij o^i oik^ mil- 
ligramme of water, it was nec^sazy to employ La the form of a cuiTcut a quan- 
tity of free electricity cqoaltothiifof 80,000 Wtteciee* each of oiie«qiia»efl«^ 
ef 0or&e^ mod chargea in Buch a way as to give (mt BmdkB flying more than 
one centimetre in length. Tliis is the quantity stipposca to he oombinrfl with 
the substance and which becomes free on the dccompoBitinn of one miUigrammc 
of water, or which experiences some kind of ti-anstbrmatioQ, either by becoxa- 
ing heat or by being changed into a vis-vrra, of which I have tried ta deleft 
mine AeefiB^ In & eases imderooiii^deratioii. This much is certain, that but 
an exoee^ngly small portion of iheenormons qnantity of the electricity capable 
of producing the effects of thunder is ooneotca ; bnt bcforf^ nniving at this de- 
termination I liave investigated with the uUnu.-t miuuteuess, by means of the 
compa&s of sines and suitably arranged apparatuB, the electro-motive force of 
sine as weU as that of iron, of copper, of lead, and tlieir alloy, plunged in sear 
water, which forces bear a relation to the developed affinities and naturally sem^ 
as starting points for finding the protecting metal or alloy; this latter acting 
only with efficiency when the negative condition of the protected metal, which 
is derived, is superior to that wliidi it assumes when it is attacked by salt 
water. I Bubscqnently deterndned the eleetrieal condition of all the compel* 
nents of a protected metal in order to see what became of the vis-viva, of wldefc 
X have just spoken, and to discover the laws upon which it will be neoastfaf^ 
to rely to secure protection. My mode of proceeding was as follows : 

When a copper plate 5 metres in length and 6 centimetres in width, con- 
taining a Buiface of 3,000 square centimetres, and armed at one of its extremi- 
tiee with a T«ry small hand of sine one centimetire square, andftamlshed at shoit 
distances with vertical rods of the same metal and other details, is plunged into 
sea water, it will be found that from the zinc to the other PTtremity of the plate 
the electrical condition of each point of the latter gradually diminishes, and 
if the curve of the intensities be traced, by taking for the axis of the ah- 
soissss a Hne whieh represents ihe eleetio»motive fotee of copper, for the abseiB- 
sas themselves the distances to the zane, and for ovdinates the corresponding 
electrical conditions, this curve will appear to have the axis of the aoscissas 
for its asymptote, showing tliat it cannot be determined how far the prote<'tion 
extends. The whole aunace of the copper retains its brightness, with the ex- 
ception of the part on the side of the zinc to a distance of about one or one and 
a half metrosi which becomes coTrered with earthy metallic deposits when thesaH 
water is not pure. In another ezj^ment made at sea, the law has been veri- 
fied to ahout fourteen metres. It is evii^cnt, tbcrr fore, that in the oxidation of 
the zinc the electricity which ceases to be miited wiih the substance, and which 
is enormous in amount, acts as a living force, when it is transmitted to the cop- 
per at distances the precise limits of which are not known. We must not fop» 
get here to observe that there are in circulation over the whole metallic surface, 
by means of the liquid which moistens it, derived ourrents which produce elec- 
tro-chemical decompositions, and which are created at the expense of the eleo* 
tricity disengaged in the oxidation ot the zinc. 

Hence we perceive, that if we wish to protect a copper surface in such a 
manner as to avoid eleetroHohemieal deposits, we most aim the sm&ce with a 
metallic protector having an electro-motive force equal to that of the point where 
these deposits begin to be insensible; this is un important condition to fulfil in 
order to prevent deposits of shells and other marine bodies, which seem to bo 
formed on parta aiieady covered with limestone, magnesia, and other substances. 

Copper pUtes armed with iron, and iron phktes protected fAac, ^reeent 
similar effects, with the slight differenoe that the sphere of electnc action is less, 
it being understood that its extent depends on the difference between the «fteo> 
tro-motive forces of the protecting and the protected metaL 
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One cnii Ttnrrlly form an ulrn of the slight space "which it is Bufficicnt to give to 
the zinc and to the iron in order to produce on the metals which they are pro- 
tecting; the effects we have just mentioned ; thus the ouantitj of metal ne^ed 
jl»jnn>tact tliB iran of «& armed veiml beconus tmilgiiineuit. 

The prateoting aUoyH of zinc and copper, of ahie and lead, ^be^ aet, in pro- 
portion to the inore oxidablc metal which enters into their oompoBition, with 
certain conditions of b;n diie^>8, to which regard is to be paid. With an alloy 
of copper and zinc* the protecting power diminishes, according as this last metal 
is oxidized and carried off, when there remains finally nothing bnt a copper 
sponge, which ia Boon changed into oxy^oride ; the greater Sie hardnew of 
wLo^ Ilka dower the production of the effects here mentioned. 

The experiments of whicli the principal results hnve been stated had to be 
repeated in the open sea. The minister of marine, fully appreciating their im- 
portance, was kind enough to put at my disposal in the harbor of Toulon all 
the necesiarj means for making these expennfints. I cannat suiEcieBfly thank 
'ham, a.s ^A-ell as M. Bapuy de Ldme, the latter particulailyt on acoonnt of &e 
useful information which he so kindly furnished me in respect to what con- 
cerns the applications of my experiments. I also thank MM. the naval frigi- 
neers for their co-operation, and M. de Mouy, sub-engineer, who, having followed 
mj experiments viih attention, will he ahle to repeat them. The experiments 
'have heen made on a hrge scale and have not left any doubt as to the accnracy 
af tihe results obtained in the laboratory, and have enabled me moreover to 
inake new ob^ervr^tion'^, which areof interest in applying the experiments. I must 
mention here some observations which ought to be taken into consideration. 

Whenever the iion plating is covered with several coats of red lead, it is 
praeerved as long as the paint lasts; hnt as soon aa it is partially- lemoredt 

* ittther hy friction or by the dissolving action of the sea, which is slow, the 
metal beginr^ to be attacked at different places ; those parts which have lost paint 
are negatived relatively to those which preserve less of it, or none at all ; so that 
the&c lust suffer more than the others. From the above causes spring those local 
dianges aeatfeered occasionally oyer the sniiace of the plating, which will he easily 
avoided hy the employment of protectors, disposed according to principles here 
laid down— protectors which will not come into use until the paint is carried ofL 

The copper sheathing of the bottom ^\'hich is not painted, Dcing in the same 
condition as that of the old vessels, will be expobtd to the same disadvanttiges, 
unless it be protected not only with a view to its preservation, but still more 
Ibr prerenting deposits of earUis and other matters, which seem to fii?or deposits 
oC anells, moUnaks, and marine plants, which it is said do not occur as long as 

liie surface confinuf:^ bric'ht. 

All the parts con til uf mg the sheathing and the armor have been so well ad- 
Jqfited by M. Dupuy de Ldme, that it will be ^uite easy without disturbing 

* anything to apply the protectofs in such a maimer as to clean the former or 
change them as need be. 

It will even be possible, when the vessel is on the point of leaving the basin 
to enter the harbor, with the aid of apparatus T constructed for this purpose, to 
see if all metallic parts arc completelj protected, or in case they are not, to 
discover the amount of change. 

Such are die seneral reamts arriTed at dtvrfi^ the long i&yesttoations oon- 
dncted either in me laboratory or in sea water npon the means to be used for 
preserving the metals employed for the plating and sheathing ofironHdads, and 
for prevent iML^-- deposits of shells and other marine bodies. 

It is tj[uitc impossible for me in this extract to enter into details concerning 
Ijhe jneasnrea to he taken for the preservation of metals, an aoeoont of whieb 
Sa gben in this memou- ; it is sufficient for me to say, that the general principles 
appear to be well established, and that the only questions still -u'aiting their 
eolation are those which relate to the applioatioa of these pnnciplfis in detaiL 
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The increased consiiraption of wood, more especially in the eonstmctioa of 
railroads, has rendered the question of a future supply one of no little interest. 
Its importauco, however, results not so much from the Quantity employed ia coo- 
Btraetion, great u that certtaaij is, as ficom rapid aecay oif the BUh of nil' 
roads and the consequent necessit;^ of freqnent renewal. A resort to the harder 
kinds of wood in plnce of the softer was an obvious and early expedient ; hut 
little is thereby gained, for the foniier also harbor within themselves the germ 
of destruction, and under the iuilueuces of the atmosphere pass speedily through 
the stages of deeomposition. 

Of coarse this proteas is more rapid in certain kinds of wood* and Is the 
effect of a greater proportion of cellular tissue containing nitrogen. It is to 
this that wood, expoBCfl altcniatoly to moisture and dryness, owes its decay, 
because the proteine Bubstances, as the nitrogenous combinations are called, pass 
into fermentation, develop carbonic acid, and thus produce the gradual decom." 
positi(m of the mass, altooogh the second ehief eonstitaent of wood» the so- 
called cellulose, is in itself unalterable, and vesists all destrndive inflaendes. 
The more protein p, therefore, contained in the wood, die more easflj and earlier 
does it imdergo decomposition. 

Railroad sills of oak were found to last longer than those of softer wood, yet 
even these, tbongh chosen with cave^ sufficed bat for some tea yeais' seryice, and 
then for the most pfcrt required to be renewed. But throngh the exclusive use of 
oak for this purpose, it was soon observed that the forests were becoming thinned 
beyond all hope of restoration, and that the price of this wood hnd advanced to 
a most inconvenient extent. These annually mcreasing disadvantages have had 
the effect of dhreetmg inquiry to the pncHeahQitf of replacing, for many diffior- 
ent purposes, the use of wood by that of odier materials, chiefly stone and iroa ; 
but for the sills of railroads this substitution has not been found to answer. Here, 
therefore, it was necessary to think of other means for prolonging the duration 
ot wood, or at least for communicating to the soft woods, of which our iorr^ts 
are chiefly composed, a degree of durability which should qualify them to supply 
the place of the harder kmds. 

Plans for the conservation of wood are just as little as the wasting of the 
forests an incident of 3'('-t"rday or to-day. As early as thf^ r( ip:n of Ch^.rlcs 
II, of England, Lord f iu;rnarvonhad said, "Wood is an outgrowth of the earth 
which nature provided for the payment of our debts," and ^he first proposal for 
the preservation of wood bj ekiemicsl means dates from that period. Of this 
the celebrated Dntch chemist, Glaaber, was the author. Two other proposed 
methods date from the last century, and since the beginning of the present a 
'^reat number have been brought forward. All those heretofore devised, and 
which have had in view chieily the preservation of railroad sills, depend— 

1. On the abstraction of water from the wood before using it; 

2. On the elimination of the iiigiedients of the sap; 
^. On the chemical alteration of those mgredlentS; 
4. On the mineralization of the wood. 

Of the various proposals for this purpose we can here notice only those which 
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have obtained a oertatn notoriety. Amon^ these may be classed that of Kyan, 
who proposed to steep the irood in a solution of cblorideof mareory, or to press 
the latter into it. So strongly had this method been recommended that the 

buildiner of tlic Lpipsic-DrfRdon railroad was deemed a suitable occasion for put- 
ting it to the proof. The Huperstructure of this road was formed, after the former 
American system, of loug woodeu sills, streugtheued by cross-tics, with irou. 
nils attadiedf and these sills it was proposed to protect from deeay by treating 
them in Kyan's mneh*eztolled manner* with an luiuicni of chloride of mercury. 
The cxperiraent, however, yield* rl ,i mopt unfivorable resnlt. In the llrst place, 
the cost exceeded all expectation, amounting in the case of hardwood to Sl,.:)00 
per miie» and in that ot soft to as much again. Moreover, the soiuiion had 
penetrated the hard wood to the depth of bnft two or three lines, and hence the 
protection was highly problematieaL It is tme that by freqaent treatment or 
by pressure a complete penetration of the wood might have been e£fected, but 
in tnat case the expense would have certainly countervailed ev^ry advanta<^e. 
In £ngland the same experiment has been tried with several railroads, and also 
with the pins used in the wooden pavements of London. The sills of the London 
and BirmiBgham railroad were entirely decayed in three years, while those of the 
Great Western road, after six years, were still fresh and socmd. These different 
results aro attributable to the different modes of impregnntmn and to the con- 
tents of the respective liquids. The pins of the London pa,vement were found, 
after forty-six months, to be totally decayed. 

Br. Bonehetie, of Pafis» has acquired much repute for his method of preserv- 
ing wood by meatis of copper yitriol, an expedient to which he was determined 
by lon^^ and sedulous experiment. So favorable were the results that, in 1856, 
after seven years' experience, lnr2;e contracts were made with him for the im- 
pr^nation of the sills of railroads and posts of telegraphs. In considera- 
tion of important public services thus rendered, the jury of the greafindustrial 
exhibition of Paris* in 1856, on the concurrent reoonmiendatiQnpf two sectionSf 
awarded to Dr. Bouchcrie a largo me^d, while the public authorities, on the 
same grounds, extended his patent five years beyond the limited time. The 
him-r^, as well as the scientific jjrinciplc of his procedure, is supplied by the as- 
sumption of the circulation of the vegetable sap, the existence of the cellular 
Inwne, and of tubes witfam the pkok through whidi this circulation is conducted. 
The second postulate is the possibility of displacing the asp and aubstltnting a 
fluid pof?se8sing preservative properties. 

In 1 8.'{8, Dr. Boucherie obtained a patent for a process which depended en- 
tirely ou the circulation of the sap. Upon this hrst system, a tree with its full 
eamlture of booehs and leaves was sawed off, and its lower end sunk perpen- 
dicularly in the fluid, which thoa ascended with the sap to the top of tne tree. 
This process, though satisfactory in a scientific {K>int of view, was not adapted 
to practical use. It remained to discover some means of causing the conserva- 
tive fluid to penetrate into the felled tree without recourse to the natural circu- 
. lation of tlie sap. Repeated experiments showed that it was practicable, by a 
high preaaure, to expelcompletely the watery particles which remain for some 
time in the cells of felled trees, and to replace them by some other fluid. The . 
prnblora was thus narrowed to the determination of a suitable fluid, and the 
application of a cheap and practical method of expelling tho sap and introdu- 
cing its substitute. « 

After employing, experimentally, various antiseptic substances, Dr. Boucherie 
obtained the most satisfibctory results with a solution of the sulphate of copper 
(copper vitriol) in water. This substance, when introduced, is destined to a 
two fold purpose— to expel the ssp, which is the cause of deGomposition* and to 
fix itself in the wood. 

A small portion of the sap adhering to the inner walls of the cells is required 
for the fixation of the sulphate of copper j a combinalioa of the two forms a 
Mifering which withatands external action* whether in the aiTt the eeith» or the 
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water. Of iias fiiet ocalar proof maj be had, if, b7 means of strong hj- 

dranlic prepsure, we rlriVe the anMiminonf pnbftince!^ from a stick of woorj and 
prepare it after the prescribed manner. The vitriolic solution which is rec- ived 
fit the end of the wood, where it flows out, podsesses the uame properties as at its 
italxodttctioii ; there has been, tberefere, little or no intermedlAte aiftioii. For 
erery sort of wood there is a certain degree of pressure under wUeb the prep- 
aration yiclda the bc?t refnlt?. Nor is the Btrength of the vitriolic solution of 
less consequence than the force the pressure : too weak, the effectd are cor- ' 
respondent, nnless much time is allowed .for the preparation ; bj to3 great con- ' 
tetzatlon, on tiie Mber Inmd, we iDjnre fbe absorbing vessels of the celliilar 
tiseney and^ preparation becomes difficult, if not impoesiblc ; the wood m ihia 
ease nay be said to be scorched and corroded by the acids. The proportion 
recommentlefl if* a solution of one pound of the snlpliate of copper in one hun- 
dred pounds of water. The water to be used for this purpose must be pvLtQ 
and as free as possible from calcareous salts. 

AH kinda of wood are not anitable tot this impregnation. Certain knnda 
have isolated parts, where the sap is arrested* and no passage is allowed foi^ 
the pnlution. In the oak, for example, the sap only is penetrable," "while the ' 
pith resists penetration. The beech even, which is hij^hly adapted to impreg- 
nation» often shows, near the pith, a red portion, in which the sap becomes in- 
spissated and allows no passage. The mreh and yoke ehn admit of easy and 
"lihorough preparation, provided the age of the former Le not more than forty | 
nor that of the latter more than one hundred years. The pine, the linden, the 
plane, the service tree, the dm, and the aspen are well adapted to this purpo^. 
In all trees the sap is the part most susceptible of impregnation, and this part, 
which is usually considered as unservieeable in constmedons* the process of 
Dr. Boaeberie renders fit ibr employment. The same la ihe ease with mainr 
khida of %ood which grow in wet grounds, whose affluence in albmninona snb* 

stances would, without ''T-ich [u-epantion, piihff^et them to rapid decay. 

For the success oi the pi-ojx scd nieihod, it i.s indispensable that the juices of 
the tree should possess theii" iuii degree of fluidity, so as to yield readily to the 
pressure by which the presenrative liqnid is intreidneed. From the 1st of Sep- 
tember, in many countries, but in general from the 15th of thilt month onwara, 
the vegetable activity diminislics, the leaf changes color and ?r<im falls. At 
this period the sap becomes thinner, circulates with more facility, and yields so 
much the more readily to the antiseptic li<][uid. Trees felled in September, 
October, and KoTembek* tciay aWait prepcuration for a longer time, iu proportion 
as they were kter ctit. 'TlietiioreadTaneed the season, the lees is the tendency 
of the sap to coagulate and obstruct the vesselfl of the cellular tissue. In tfees | 
felled in October this condition scarcely supervenes before the end nf l^ovember, 
■while in those sever^'d in January, February, and March, provided tlw boughs 
be left entire, the fluidity of the sap coutinaes till the end of iVIay. In general | 
Ae sap of Btanditig trees attains its highest degree of tenacity nom the middle i 
ef A|ml to the beginning of June ; trees felled at this season, ivhieb is the most 
Unfavorable, admit only of difficult and imperfect preparation. During the 
following months of June, .Tuly, and August the process should he applied 
within eight days from the felling of the tree, else the dn^ness, which promotes 
coagulation in the still otherwise tenaeious sap, will tend to embarrass the upe- 
ration and in some casei render it very imperfect. As a general rule it may be 
assumed that the most favorable epoch for the impregnation of wood is that in 
which the felling is generally considered as advantageous. 

At whatever time the impregnation may be undertaken, it is always of great 
importance to select the soundest and straightest timber, and such generally aa 
had not beg^n to decay and is free from defts. The antiseptic uqnid, on !tfl 
introduction into the wood, will take the course where it meets with least 
Obfitniotiou, and if ftults like those mentioned ezisty will find through the 
yielding or divided parts a channel of escape. 

! 
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The measures nbove recommended mast be observed if the subsequent steps 
.STB expected to resnlt in eaooeai. We proceed nAw to describe the arrange- 
ments for Gondiicting the process, which are veij simplei amd shaU confine onr- 
Bclves in the main to those intended for the preparation of raihroad sills, merely 
noticing anj diffeieocea wUak m&j exist ia tbft esM oC matBrials intended for 
othd^ purposes. 

AU the logs designed for silla should be cut into pieced wliuge length so far 
&ceedfl tiiAl of a aonbk sill as to admit of the lenewaL a| tbe time of the 
opemtioii, of the surfaces at tbe ends of the pieces where the sap soonest grows 
oense and obstructs the passage of t!in iniccted fluid. For this exrep? n Ir'ngth 
of 30' ia enough if the tree, especially iu hot weather, be felled bat few days 
before the preparation. To arrange the place of operation, we lay on a surface 
properly kreUed four beams panMIel to (hm aaotber» vitb an Inclination of 
in the diiection of their lengtbi which length sbonld be socb that at least 
twenty logs may be placed ac»M» tbe beams at an aT«niga dntawBO of 2' 6" firom 

one another. 

Along the outer beams channelled logs or troughs should be laid tor the pur- 
pose of receiving the lit^aid as it escapes from the ends of the sill-pieces ; ancl 
tbe two inner beams mast be placed at saeh a distance firom the middle line 
of the whole construction as to leave between them suffidnit roomlbr a channel 
destined to receive a leadeq pipe, wliich connects with the vessel containing the 
vitriolic solution. Thia pipe is furuished with copper taps at distances of 2' 6", • 
corresponding with the middle of the sills which are to be impregnated. The 
ftud, wbicfa passes tbrongb tbe sOls and fidk into tbe cbannels povided for 
ibat purpose, is conveyed by them into a receptacle below the level of the gen* 
eral stage of operationa, whence it may be drawn by a ptimp» and* if needed 
further use, filtered and restored to it** original strength. 

The impregnating fluid is contained in three vessels, which are station 1 oa 
a j^Utform, at least 26* high in the middle of the works, and which are fnruicihed 
with finioets» issuing a litUe above tbe bottom of the vessels, in order that im- 
parities may have room to settle below the vent. Each of these faucets com- 
monicates hy means of an India-rubber tube with the leaden pipe, whieli ii r- 
minates at tin sides of the vessels in three branches. Near at hand is a pump 
to supply tiiu water required for the aolutiou. Of the three vessels, one is de- 
signed to feed the leaden distributing pipe; the seeond receives tbe water raised 
by tbe pump, or the fluid that has been already once used; in the third, the 
preparea fluid is n]lowed to rest, that irapuritios may be fV posited. This last 
vessel is connected with the distributing pipe as eoon as the rirst is emptied. 

The logs to be impregnated are laid upon the beams and wedged« so that 
Aeir ends flball be perpendicnlar over tbe cnannelled logs or troughs, and their 
direction at right angles with die beams. Whatever may bave been the lapse 
of time since the felling of the trees, the end surfaces of the logs should be re- 
newed, that the inject^ 4 fl uid may more readily pass through, besidcB that the 
requisite length may thus be given to the material. Everything being thus 
arranged, an incision is made with a saw in the middle of each log to the depth 
of ^ of tbe vertieal section in soft;, and still deeper in bard woocS. By means 
of a jack'Serew tbe middle of each log is then slightly raised, whereby the incision 
will be opened, and not fnv from this incision, in each half of the log, a hole is 
bored obliquely from the external surface of the log through the face of the in- 
cision, which must be carefully freed from any chips or saw-duat. In the iuci- 
Bimi we now lay a ring of cord or rope, the outer circumference of which must 
exactly correspond with that of the log ; but, while thus preparing to close the 
opening, care should be taken that the ring do not doBoend too deep into the 
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irood and obstmet mmeeeBBaTflj some of tHe tabes destined to convey the aotv 

eeptic fluid. 

The Bcrew hj which iho middle of tbe log vra^i rabcd being now withdrawn, 
the log of course siakd, iho two side walls of the incision approach, pressing 
together the included cordage, the circuit of the opening is completely closed, 
and thns an artificial reservoir is fovmed in the midst m the piece vhich is to 
be impregnated. 

Into the hole, bored an above directed, a tube of harrl wood driven, aud is 
fastened to one of India-rubber which has been previously adjui^ted to the cop- 
jjer taps of the leaden pipe, thus establishing a commutdcutiou between thp 
small reservoir in the miadle of the log and the distributing apparatus. t)aihig 
the preliminary steps, the India-rabher tube is doselj compressed by means S 
a hand-screv,', but when, at the commenc/'ment of the process, this is removed, 
the impregnating fluid flows into the reservoir prepared for it in the log, and 
drives tbe sap before it through the pressure exerted by the fluid in the vessel 
which IMs the supply tube. Under fayorable eireomstanoes tii!s effeetlB 
' instantaneously manifested by an exudation at the end of the log, which pres> 
ently changes into drops, and falls into the channel provided for it. To remove 
any included air which might interfere with the process, a small hole should be 
made with a copper pin through the cord enveloping the incision, which must 
be closed with the stroke of a hammer as soon as the fluid begins to issue. It 
will also greatly promote snetess, if in the course of the opeiatton the ineisioti 
be occasionally well cleansed, and again closed widi the same care aa at first. 

The sap, which at first issues pure, becomes more and more mixed with the 
vitriolic solution as the process approaches its termination. When this mix- 
ture shows 1° (its normal strength being 1°) the penetration of the wood may 
be legarded as complete, and for pieces of the length of a raihoad siU, lSb» lime 
in which this result is reached may vary from 48 to 100 hoars; all pieces 
which, after the lapse of the latter pt^riod, do not exhibit in the centre of the 
end -surface a readily distinguishable impregoation, most be turned* and the 
operation conducted in the opposite direction. 

For the preparation of longer pieces, inch as telegraph poles, building ma- 
terials, &c, in which the difficolties are greater, it will be oseAil to observe tbe 
following precautions: 1. To place the vessel which contains the solution 
higher, in order to increase the pressure. 2. To cleanse the imbibing surfaces 
oftener, with a view to n move impuriues which may gather upon them. 3. Xo 
elutriate the fluid more frequently. 

The arrangements for om^rating are like those above described, with the ex- 
ception that here but two beams, laid parallel to one another at a distance cor> 
responding to the length of the pieces, and with an inclination of 1 tn S, are 
required; the introdnction of the solution will take place only at that end 
which shall give it the same direction with the natural sap; tbe artificial res- 
ervior ,eonst^cted and dosed as before desdribed, will be near the hot-end of the 
log, and the snrimce of the incision next to this extremity should be covered 
with a sheet of copper to prevent the penetration and escape of the impregna- 
ting fluid through the shorter section. 

The acceleration of the process depends on the kind of wood, the season at 
which it is cut, and the effective piessure employed. Apart from these, the ' 
rapidity of impregnation may be assumed as proportional diroctly to the pres- 
snre and inversely to the diameter and the square of the length. Moist winds 
and snow hasten the prooess; dry winds and great aiidity retard it; ttovt tdto'' 
gether arrests it. 

This mode of preparation has been tried and approved by a number of the 
railroad and telegraph administmtions of France. In 1856 moie than 400,000 
cross-ties thos prepared had been laid on the North toad, 8»000 of the nambor 
having been deposited as early as 1846. In the former year these latter wera 
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ffmnd to he as sotinci as they wer(» thfl day tliey were laid, and this remarkable 
preservation, which they still maniteat, leaves no room to conjecture the possible 
extent of their duration. 

Expeneive appaiatos hw been eometimee employed for the purpose in qaes* 
tion ; as, ibr Instance, an air-pump, operated by a steam-engine, to exhaust the 
air from the wood, and thus facilitate tlio penetration of the metallic solution. • 
Powerful hydraulic presses have also been n-sod to ]ircm ite this result. Such 
costly contrivances, however, may be wholly dispeused with. Biittner and 
WdnniK, of Dresden, among others,' have proposed a process which is at once 
practicM and cheap, and which miiekly attains the desired ^nd; tbcar method 
has been conse^nently intvodnceid in the case ci several 8axon« Anatrian, and 
other roads. 

This method conpists, as rej^arda its chief feature, in the exhaustion of the air 
from the vessels of the wood — a condition indispensable to a rapid and thorough 
impregnation, not by mechanical fbrces, bnt exclusively by ihoso of^temper- 
ature. Hiewhole operation is, in fact, conducted on this principle, the wooden 
sills being boiled for thr space of aii hour in a solution of metallic salts, and 
then left to cool undisturbed in the same until the temperature has sunk to 40^^ 
B. The physico-chemical process is here as follows ; Through the heating of 
like wood to more than 100^, not only are the Included gases bnt also the ex« 
traetiTe substances expelled, the escape of the former being made manifest, 
throughout the operation, by the rising of large air bubbles, and the separation, 
of the latter by a viscous subatance floatinff on the surfnco of tl?p anl,,t;oM -nid 
indicating even by its scent its vegetable origin. The wood, an it coold, btanff 
surrounded by the solution, rapidly absorbs it to supply the vacuity occasioned 
' bj the expulsion of aii^— an effect which is aided by the pressnre of the atmo« 
sphere on the liquid surface exposed to it. 

Tliat the hot way for tin; impregnation of wood is decidedly preferable to 
any cold method of preservation would seem to result from the law that all 
organic chemical combinations are more certainly obtained in that way; be- 
sides that the contingency of protracted rains, which, in the cold process, some* 
times wash awaj tiie metallic salts, is thereby avoided. At the same time, 
through the heat and vapor pervading the wood, a coagulation of the albumen 
may bo occasioned, wiiich probably, even without the intervention of the metal- 
lic salt, would of itself impart a preservative quality to the wood; for, as has 
been already said, the decomposition is to be solely ascribed to the ingredients 
of the vegetable sap, while the TCgetable fibre In Its simple state not only 
withstands theinflnenee of the weather, bnt remains ImpassiTO under the sharpest 
seagents. 

After persistent boiling iur nir hour nnd a half the heat will bo found to have 
thoroughly penetrated the sill, and the highest rarefaction of the included air to 
Eave been attained ; consequently the capacity of absorption will have also * 
xeached its highest point, which is estimated at l|^enbic foot = 62 pounds of the 
solution for a piece of wood of | cubic foot contents. It baa been (b-termined 
by many experiments that this is to be regarded as the maximum of absorption, 
which will not be increased even if the boiling be continued for several hours. 
As a cubic foot, = 50 pounds of the scdntion, is sufficient, therefore, fo^the preser- 
vation (tf a siU of pine wood, and its absorption Is effected in one hour's boiling 
and from six to seven hours' cooling, it is apparent tliat the same apparatus may 
be twice used within twenty-four hours for tne propo;?ed operation. 

The apparatus in use on the government railroad of Saxony consdsts, in the 
main, of a boiler of 10 horae-power, exerting a tension of two atmospheres, 
with a provision of four pme-wood receptacles, each 11} feet high and 8 wide, 
for cverv boiler of the above description. The steam Is conducted through an 
inch-wide tube from the boiler to the bottom of the receptacle, and travcrsea 
tile latter tiiK^ugh a tube of like width provided with small holes. The pieces 
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of wood to be imjut^^'natod arc placed perpendicularly in the receptacle, with 
the larger rad dovrawards, that the solution jdaj ascend in the direction iol- 
lowed by the natanil sap; a coy«r fnmidhed with tomb opening8» and wiell 
Menred, is then applied, and first the solation and afterwards the steani ad- 
mitted ; the beating of the solution will thus be e£Pected within two hours. It 
is to be observed tliat, aa t1i« volume of the polntion ia increased about one-fifth 
hy the condensation of the admilted vapor, a proportional quantity of the mt^tallic 
salt should be added to each receptacle to restore the reduced strength. £a.ch 
of the reeeptadM it cakalated to noeivo 40 nilMMd titta, of whieS liO 
Aarefore be piqwiod hy toA m apponilw m tihrt aboYO dMCiibed wHJiSa 

in. 

The chemic tl pr icesses wLicli take place in the impregnation of wood with 
the copjibr vitriol have been explained by Kdnig, of Dresden, through experi- 
meota made chiefly with pine wood. Ao regnids the question whether the wood 
foium a ehemical comlniiation with the vitriol or one of its ingrediente, he found 
that the oxide of copper, as well as the sulphate, is taken up hy the wood, and 
that afder washing the wood with water a saline base remains behind. If wood 
thus impregnated be closely observed, it is seen, from the green tincture of par- 
ticular spots, that the metallic salt is deposited between the yearly rings of the 
wood in the leea lolid parts, and hence in those chiefly filled with sap. It has 
1)een further observed that wood abounding in resin takes up much more of the 
copper-salt than that which is deficient in it — oak wood in^tirtce, bein^ 
scarcely stained by the Bolntion. The woody fibre would seem, therefore, to 
have little or nothing to do with fixing the saline principle; it has been BhowUf 
indeed, that pme fibre-Hsfaenucally prepared cotton, for example— *doe8 not 
combine with it in the slightest degree, bat yields it up entirely through repeated 
wasliingg. If, by treatment with alcohol, we obtain wood wholly free from 
resinous constituents and attempt to impregnate it, no color is communicated ag 
in the ca^e of resinous woods, and, by slight washing, the salt is removed. By 
evaporation of the alcoholic solataon we ootain, under the form of a resinate, a 
lireenish residnom containing resin and oxide of copper. It reanlts from these 
interesting observations that the dements 4^ the copper-vitriol are fixed in the 
wood through the medium of its resin. 

If, with a view to a satisfactory determination of tlic (jueation whethf r othor 
ingredients of the wood may not co-operate in the fixation of the metuliic aait, 
we examiuQ the same wood before and alter nnpregnation, it will be foand thai 
tlM impregnated wood contains less nitrogen, and that it is even possible* 
through continued treatment of the wood with the vitriolic solution, wholly to 
extract its nifrngenous constituents; these will be discovered in the solution. 
In this we dnd an explanation of the h/ai that impregnated wood resists decay 
longer than wood not tbns prepared. 

The preservation of wood by means of copper-vitriol depends, under all cir- 
cmnstances, upon the condition that the compound resulting from the union 
of the copper and resin should more or If completely fill the pores of the 
wood and mvest the woody fibre, thus preventing the access of oxygen, and at 
the same time repelling the attacks of insects. These facts agree with the 
resolts Boalised in practice. It has been ibnnd that solt wood of loose stmetnre 
lasts afk»r impregnation longer than more solid wood* in conformity with the 
betbre-cJted experiments, which show that the nitrogenous constituents are more 
readily discharged by the copper-vitriol &om soft than from hard and heavy 
wood. 

The experiments of EOoig fbmieh, however* the mode in which the vitriolio 
boq^regnation may bo most advantageously efibcted. Wlth^thin wood il is 
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Eufficient, in order to extract the albuuiiuoua BubBttinces, to let it lie for Kome 
time, frequeotljr moving the pieces, ia a vitriolic aolutioti of I to 2 per cent. 
Thkker wood mnst be traUed with the heated eolntioii in wooden or etone toh- 
Bels, (since lafltil mm would be attacked by the metallic salt,) or be impreg* 
nated iu tlip ra;inner precribed by Boncherip. Konig think" that when pome- 
timefi the experiineat does not lead to the de.-*ired result, the failure is at- 
tnlHitable to the mere steeping of the wood without allowing time for lixivia- 
tieiii and the eoMqaotit dnetega of nirfimnble elements, whieh is the indis- 
pensabla eo adK iaa of aaeaeSK 

The preparation -with copper-vitriol has been attended with eatiafactory 
results in the case of several German railroads. Tn Mav. 1S49, a cnmmispion 
of Prusaiaa engineers examined the pine wood croiis-ties which had been laid 
on the Berlin and Stettin road in 1841 and 1848. Here the impregnated and 
nnimpregnated pieces laj close together. The latter were in general 'wholl7 
decayed, while tW finiMr were ia good pfesermtiffin and BtiD ga^e promise ot 
long duration. 

In England the chloridt; of zinc, which is much cheaper, has been proposed, 
and with higlily favorable indications as regards the result. This process has 
bem tried on ue HaaoTerlan railroads, end it was fonnd that sills which had 
Iain for six ymrs in the ground were still fresh and sound. Upon examination 
by Wiiblor, it was stated that the chloride of zinc had penetrated, us well in 
oiik as beech wood, deep into the material. From external iudicationti .this 
would not appear to be the case, yet here deception should be guarded ai^ainst. 
In the oak wood clneflT a dark tint had spread to the depth m 1 inch to 1^, 
and it was thence concluded that the chloride of sine had penetrated thus fori 
but this proceeded probably from a dark-colored deposit produced by the action 
of the tannin of the wood on the sides of the iron vessel. The mineral imparts, 
in general, no color to the wood, and chemical analysis remains the only means 
of determining its presence. 

The greatest qnaatity of sfaie was found hi the heech wood* and in this 
rsspeet .no diffezenee appeared in that which had and that which had not been 
steamed. With the orik it was otherwise, that which had not been steamed 
showing a much smaller proportion of the metal. Still poorer in zinc was the 
beech steeped in zinc-vitriol, and pooret^t the unsteamed oak treated in the 
■ame way. In the latter, therefore, steaming wodd seent indispensable, for 
only hy a thorough penetratlaB of the metalBe solution can decay he perma- 
nently averted. 

Recently a solution of the oxide of zinc in wood-vinegar has been proposed, 
and more lately still the chloride of manganese, which is produced in great 
quantity in the manufacture of chloride of lime, and as an incidental product is 
of little exchangeable valua. The free aold is here satnrated with lime or with 
oxide of zinc. 

In North America, wood, especi illy th;U intended for ship-building, is salted, 
as with U:* flesh and vegetables are cured for longer preservation. This method 
can scarcely be recommended ia our own practice, since, however calculated 
to prevent the so<Wled rot, the prices whicn we pay under a monopoly place 
the article beyond onr reach, oon.^Ideriug the quantity necessary to be used! It 
takes, for instance, for a brig of fi,000 cwt. burden, not Ifsa than 1,600 cwt. of 
common salt, and that is with us quite a capital. The salt might be replaced, 
indeed, by the mother-water of the salt-works, since great efficacy is attributed 
to the chloride ef -magnesinm contained thorehif which, in a chemical point of 
view, is very similar to the chloride of zinc. 

It seems highly probable from the experiments of Konig that all these solu- 
tions of different kinds of salts, as far as they hare succeeded in practice, act 
like the vitriol of copper upon the albaminoos sttbstances of the wood* and ia 
like manner extraui ikem therefrom. 
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H. Yoblt of Bonn, recommenda the eo-called kreoaote (coal-tar oil) for the 
preaervatioii of wood. This kreoaote eoniiiBto fi»r die most port of an eflieraal 
ofly with which small quantities of true kceoeote and carbolic acid (phenylic acid) 
are mixed. Its practical examination is easy, requiring only that the oil sJiould 
he mixed in a ^^^raduated cylinder with some ten per cent, nf a Htroug alkaline 
lixivium, well Bhakeu, and then left to settle. The liquid will separate intx> 
three distinct portions, the lower of which is purely an altaHiw lye; the middle, 
wtrich ia l»own> and of the oonrfttenfy of ahnp, oontdm the kreoaote and 
carbolic add ; and the upper conaiats of the ethereal ofl. Ai the volume of the 
substances employed is known, the qnantity of kroonote and carbolic acid is 
easily determined. Since it is in theno that iht- virtue oi the impregnating oil 
resides, this criterion seems wcU udapLcd lur deteruxiuiug the relative value of 
the latter. . It lute been stated that flie coal-tar oil, leoeivied aa well fam Bag^ 
land as from Belgium and France, containa a maTODiim of from eight to ten par 
cent, of kreoaote and ctirbolic r\cv], whereas the prepriration obtaSMd tttfOk tba 
photogenic manufacture is much richer in these coustitueiits. 

The presence of much ethereal oil in the fluid pbstructs the absorption of tho 
latter by the wood, and an eligible method for the nrepafattan ta to treat ike 
kreoBOte with aa alkaline lye, until, witkont being aecomposed, any desifsbla 
quantity of water may be mixed with it; a certain proportion of the oil is sep:^ 
rated, which is to be decanted firom the mixture. The alkaline solution of kn=v 
osote, which, after the dilution, has a specific weight of 1.05 in relation to water, 
is applied by spreading it on tho wood. When this application is absorbed, 
which 8000 takea plaea, the onention is refeated nntU tbe wood la anffieiendy 
impregnated. Were the wood thus prepem exposed to the weather, a great 
part of the kreosote would be washed away ; lience Vohl employe, for the fixa- 
tion of the kreosote, a weak solution of the sulphate of iron, (iron-vitriol.) Tbe 
sulphate of the vitiiol neutralizes the alkaline menstruum of the kreosote, and 
this, now become free, attacbee itself to the anbotanoe of tiie woody fibie. Tbe 
prcdmtated oxide of iron, which entered together with the kreosote, is con- 
verted gradually into a hydrate of iron, at the expense of the atmospheric oxy- 
gen contained in the wood. The sulphate of soda (glauber salt") formed there- 
with is removed by degrees through the atmospheric moisture. Wood prepared in 
this manner, though exposed to every atmospheric alternation, exhibited, at tbe 
end of eight ▼ears, no trace of deterioration nomdeeay or fbi^na fermalionB. 

Creosote has been found of great adTantageinthe preservation of tbe rigging 
and sails of ehips, not only supplying the place of tar, but excelling it in its 
beneficial effects. The efficacy of this operation rests on the facility with 
which kreosote comb'uies with organic substances treated with lime, such as 
skins, leather* &c.; and in view of this the sails and ropes are first passed 
through a weak solution of lime and then tbioogh a strong tan-hatb. The lime 
is prccipitaterl tlirough the operation of the tannic acid on the vegetable fibre, 
which thuA impregnated readily absorbs the kreoaote. Vohl observed no rot- 
tenness in sails thus prepared, after six years' exposure to ail kinds of weather. 
In order to promote the duration of tunher used in the construction of bridges, 
it has been proposed to protect those parts exposed to moistnie and tbe atmo- 
sphere with roofing-felt. * 

Rottier, professor of chemistry in thn University of Ghent, has recently made 
many experiments, with a view to discover which it is, among the various con- 
stituents of the coal-oil tar, that operates most efficaciously for the protection of 
wood fiom decay. His exambstum extended to the light or ethereal oil, tbe 
carbolic or phenylie acid, tbe aniline^ the naphthaline, Sie insoluble residuum 
of the diBtillation, and the green, fluoroseenft oil wbieb* redistiUed at 876^ to 
320°, yields pyrene and paranaphthalinc. 

Of these elements, the light oil and the aniline evinced little or no efficacy. 
Wood satomted with the first lasted no longer ihaa tbe wtam kmd without^ it. 
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anr! tlic protraction of decay Ly tlie arilliii ' might he exprpsaed aa being equal 
only to G.G6 per cent. Phenylic acid u known to be efficacious in the preserva- 
tion of animal substances, and as the heavjr tar oil contains it, the virtue of the 
latter w«8 aapposed to vosuhA in the ainoaiit which it held of the fivmer, Bnt 
Router's experimeiits do not confirm this oonjeetiue. Coal tw deprived of its 
phenyl ic acid proved as efficacious as that of commerce, whkh mntains • lerge 
^oantity. Naptbaline has proved very effectnal in protecting" collections pertain- 
ing to natural history from iuaects j but the prcHUuipiion arising from this fact 
is not borne out by the experiments of Itottier as regards the preservation of 
wood. It Is otherwise, howerer, with the heavy green oil ; this evinced nncom- 
mon efficacy. It remained, therefore, to determine upon which of its constituents 
the vh'tue depends. Pyrene and paranaphthaline, on divert experiment, yi<.'l(L d 
no favorable results ; whence it is to be inferred that it is the green oil itself 
which operates to the protection of wood from decay. It would seem also, from 
the ezperimenta, that the higher the temperatoie at which the ooal tar ii distilled 
no much tihe more operative is it, prohably from containing a greater qoantitj of 
the oil. 

The fact should, however, not be overlooked that the experiments just men- 
tioned have been conducted on a email scale, and the results have not remained 
nncontroverted. More decisive certainly are the experiments made with such 
materiale aa the silb of railroads, as well on aeeoont of the sise*of the materiali 
nhmitted to trial as the parallelism of the circumstances under which the pro* 
eess is applied. Thus much at least we have already learned, that the preser- 
vation of wood, even to the extent which is now within our reach, is a subjf'ct 
which may' well excite attention. If we had attained no other result but that 
ef being able to impart to soft wood the dnrahilil^of oak, and hence to snhstitote 
the former for the latter, thia of itself would be of great impoiiance, and be 
attended with many advantages to the variooa branches of indnstiy in whioh 
the use of wood is indispeasablfi. 



Digitized by Google 



CAOUICiiOU€ AND 6UTIA-f £&CUA. 



TRANSLATED FROM THE "AUS DER NATUE." 



Througb the discovery of America and tlie route to tlie East IikUimw 
prophetic words of Senecft were finallj realised after 00 mmy eentnries : 

**Veaient annis 
B«Gol» attia, gaibiu oceoaiu 
Tinetila Teram Isxet et mgeat 
Pateat tellus, Typhiscjue uoroi 
Delemt oiiwe, nac ait texria 
miiwi Thill*.*' 

Kot precisely these, bat similar dark legends, traditions of ajremote age* in 
ftmt lihotigh recognisable lines* showed llie route which Oolvinbas and Vaseo de 
Qama were to pursue. It was the ifortitnde witb whieh these heroes braved the 
terrors of the ocean that gave them the victory. The one unveiled a new 
world, and the other brought India near to u?, a country the charming aspect 
of which had, from the most remote time, kindled the enthusiasm or desires of 
mankind. These deeds soon produced their fruits; the unexpectedly expanded 
▼iew opened a new era, and the inexhaustible resources which became accessible 
brought about a transformation of society. 

The access to the tmpicnl v irion?, over which nature has so lavishly strewn 
its rich trf-awures, bccanic more and more easy ; more and more of those precious 
gifts which the incessantly active though always still life of the v^etable realm 
works out thero fbr man, the Idrd of creation, came to light and took rank among 
the necessities of civffiied nations. Centuries h ive passed and the treaauro is 
Btil! inexhaustible — nay, still partly nndiecloeocl. The London Exhibition has 
taurrlit us this, its East India division displaying numerous natural products 
which we had not even known by name. 

The abundance of light, heat, and molstnro within the tropics creates there 
a vegetation of the luxuriance and splendor of which we of the cold north can 
hardly fpnn an idea. The great fertility of the soil allows so many tri es to 
grow up near each other that their branches find no room to spread. Thus 
every stem strives to overtop the other, pu!?hing up towards the light, and far 
from the ground displaying its-crown. Everything is bo dense there that none 
can sdTance a step without opening a path wiui a dopping-knilii. - The ground 
itself is not lai^ie enough to bear all the plants shooting up in such rank exube- 
»ance ; they themselvcR form a new soil for others, a soil which thousands of 
parasites contest with each other. All the f>^iry splendor spoken of in tho 
ancient legend of the suspended ^dens of Scmiramis is here not only realized 
but surpassed. Here every tree is a true flower garden, rich in its yaxietj of 
tints and forms. Eaised high into the air on a single stem, these floating gai^ 
dens look down from their giddy attitude upon the wanderer in charming grace- 
fulness. "With the manifold plants and blossoms tliat seem to shoot from the 
boughs of some trees, or to root themselves on them, strangely contrast those 
mosses which hang down from the branches of others like immense periwigs 
or horse-tails* or which, resembling beards, make the giants of the forest appeac 
like gray veterans, whose heads the lapse <tf centuries has been insnfficirut to 
bend. But there is no path leading to the splendor of those luminons height | 
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the traveller must content himself with a view from great dif'fr^r!^p, for more 
tium (me GerberuB guard the treasures. The external aspect, combined with the 
Mtenlahiiiff iMlitj aad l^e iooenbiiiidanoe of prodtuts of every description, 
miggests the idea that the gMen of" Eden, the paradue ficom wmch man had 
been expelled, has there again come to light, for the curse under which man- 
kind groans — " In the sweat of thy brow nlmlt thou eat thy bread** — seems there 
to be poweriesA. But a shade i& inseparable from li^ht ; there are hosts of 
terrors oonnected with those paradisiacal regions, lavishly scattered by nature 
in Older to mvest loan ftomeasOy enjoying hiiJife tliAt aMCpEiiitieiiee. 

^ One exanqm oat of a thonaend will make this clear. 

Of the various branches of natnnJ history, botany alone is regularly tnughfc 
iu our Hcliuols, which at least acquaints the yotithml student with those off- 
springs of our iiora which he meets in his rural excursions. Many of our 
leeden wifl femeBber the surprise they need to fbel «t eedog a thick, ndlk* 
like joke piotfaiely floinbg from some of the flauls wkieh tkey slacked. Tkat 
juice was in gome cases white like milk, in some colorless ana dark, in other 
but rarer cases it was colored. Thus celandine, which we sreuerally prp rrrow- 
ing around hedges and on heaps of rubbish, is all filled with a yellow jui<», 
irMle the jiriee ef eome ymrieto of wolf e-milk Is l on o cotored. TotheBameolaflS 
of plants belong, among the nadyee of onr floil» the Tarioiui eahid plaat8> the 
^ppy, the dandelion, Sec. 

The nearer we come to tho f^qnator tbe lai^er becomes the nnm'Kpr of pLmts 
hearing a milky juice, uud the greater the diversity of the qualities of these 
various juices. Just as the plants themselves mostly belong to the three 
grest fiuiiUiee of iSte eaphothiaees, apocjmeie, and iirdce«» in the same way we 
can divide Ihe Tariona milk juices, in general, into three classes. The first is the 
nearpf't in resemblance to animal milk; its taste is sweet, refreshing, and cooling, 
for wiiiclt rpafoTi it is variously used by the inhabitants of those regions as an 
exoellent means of refreshment. But to the plants themselves these juices are 
no afiment, as has heen erroneonslT believed ; they ste in this respect by no 
means to be compared to the milk of the animals. The second class has become 
the most important to man. The fatty globules of animal milk are here replaced 
by a peculiar Hnbstance, whir li. lilvc milk, is prevented from coagulating by an 
albuminous matter. Caoutchouc iii here formed in the same way as cieam out 
of milk at rest, and both possess that |)eculiar property tlmt, when coagulation 
has taken places a eeparation of the srogle globolee can no more he Drought 
about. The third class, finally, produces' the moat terrible poisoBfv which, in 
the h.«Tid8 of the a!)origines of America, Asia, and Africa, occome tl»o most 
dangerous weapon against rapacious animalB and against men frequently more 
rapacions. 

JBvery part of the globe has its peculiar plants, which yield the chief compo- 
nent parte fbr these arrow poisons. They are mostly little known to us, the > 

savages guarding tlieir treasures with watchful jealousy. The preparation of ar- 
row poi?on is a secret nf tlm priests and eorccrers ; it is accompanied, as is also the 
gathering of the miiky juices for that purpose, with the performance of sundry 
euperstltious ceremonies. He wlio is discovered aeUing tbe poison to Eiiro« 
peans is put to death; the pnrchaser shares the same &te. If tbe woond is 
only so deep that the poisoned point of tbe arrow penetrates to the blood, a • 
violf tit convulsion of the limbs takes place almost instantaneously, which, in a 
few mmutes, is followed by death, foam covering the lips of the victim, and very 
soon after by the decomposition of the body. The wounded man is irretrievably 
lofltf fat no Evropean fcnoira an antidote; the speed v cutting oat of the wonnd 
and of its smrnnmding k said to be the only posaiUe means of salvation. At 
least the natives make use of this means in order to save the flesh of the animals 
killed by them with poisoned arrows. Such flesh is entirely innoxious, in spite 
of tbe immediate effect of tbe j^oisou; and is daily eaten in great quantities by 
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iLt; savages. It is equally remarkable that many of the plants containing poi« 
0OIIO1IB juioro yield some of the most important mflona of snboBteiioe in iboM 

regioDs. We mention here only the arrow-root, which, in tropical eountries* is 

a substitute for potatoes ; tlie yam-root, which has of late fieqnently been pro- 
posed .18 a substitute for the diseased potato in our own cotmtries; and chiefly 
the m^iuc, {siatropha maniliot,) which its to the uativea of South America 
•^oolorad, aa well aa white— what rice and the oereala axe to the inhabitants of 
the Old World. Kay, our own potato ofien an example of the aame kind. 

The plants which yield caoutchouc, now become an important commercial 
article, belong to all the three families above enumerated. The real caoutchouc 
tree, from which elastic gum was tirst extracted, is designated by the scientifio* 
name of siphonia eUutica, and belongs tathe enphorbiacese ; it yields the greatest 
quantity, bat many other trees of the aame family yield smisdler qnantitiea. The 
beet oaontchouc is derived from a plant of the family of the apocyne»i called 
cynanchum. Further are to be mentioned here, urcco/a elaatica, Roxh., a jjlant 
of Sumatra; vahea gummifera Pc»/\sc/, of Madagascar; collophora utilis ISf'trt,., 
aud hanconia speciosa Marl., of Brazil; williighbeia eduluy of India, ibcc 
Among the nrtikjen the Tarioos fig trees deeerye particnUr menthm* {fieut rdig- 
iotOt tajteoy bmvfomineat UtOBusanoM^ P, efaatied, iZaas&t) bnt besides them seyetml 
other plants. 

Tropic.'tl Aiiicrica and the East Indies arc the great sources of supply. In 
the iormer it is> chiefly the euphorbiaceie, in the latter the hg trees, that yield 
caontchone fbr trade; while the plants of the famOjof the apocyneao are rather 
common to both. As soon as the Oancasian race will grant tne unhappy inhab- 
itants of Africa the ri|^t of being ment rich aonrees also be disdoaed in this 
part of the world. 

The genuine caoutchouc tree was first described by Aublet, under the name 
of kevea guianeMis; but its bbssom and fruit parts were no^ well known to 
him» they being fiist made known at a later period, by fiiehardt whose merits in 
making us acquainted with thia naefiil plant were, however, snbsequently passed 

over in pilence by his own eon. Wildenow subsequently referred the spe- 
cies to the genua sipkojiia. Thia tree grows sixty feet high, and about 
three feet thick; its wood is white, aud its bark, eap ecially on its very wide- 
spread branches» thin, grayish brown« and smooth. Tne Indians make long and 
deep incisions, reaching the inner wood, all around the tree, from whieh* the 
wound being kept open by a small wooden wedge, the milky juice flov;-5! ?ponta- 
ueousily and profusely. To promote its drying, they make it flow in thin layers 
over moulds of unburned clay, mostly of the form of round and short^nccked 
bottles of yariooB siace. The coating is repeated imtQ the required thickness is 
obtained ; the drying process is facilitated by fire, the smoke of which gives a 
black color to the gum ; the moulds are then cmdied within and removed in 
pieces. Formerly elastic gum used to come to na in Htrangc shapes of birds, 
quadnipeds, &c. ; now we receive it mostly in larg« plates, or blocks, or also in 
a fluid state, in heimetically- closed jars. 

The collecting of the milky juice is done by the Indians with Utile care ; the 
gam» therefore, contains many heterogeneous substances, which are an impedi- 
ment in it3 elaboration. In general, the price of the article varies greatly in the 
regions that produce it, being- determined by the quality of the merchandise, tho 
size of the pieces, and the quantity brought to market. The commission mut 
by seyeral Qeiman princes to examine the region of the Kosqnito coast bought 
fifteen pounds of caoutchouc for five pence, (English.) Other natural (uoducls* 
like sarsaparilla, the collecting of which requires less labor, o£fer more gain, and 
thus the Indiana. who«e wants are easily satisfied, attach little value to elastic 
gum. But for thib circumstance the exports from America would bti considerably 
larger; a single man can collect sixteen ponnds a day; howev^, more Liiaii 
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three or four pounds is rarely gathered. The inner bark of the tree is used bj 
tlie Indfam Ibr the prepanttion of articles of diesB. 

The genuine caoutcnoac tree is found everywhere in tropical America, firom 

Mexico to Brazil. Tt chiefly abounds, however, in the extended plains south 
of the Orinoco, which are covered, bo to say, by one primeval forest, and across 
which only the rivers, and especially th6 Amazon, can serve as roads, and in the 
ntimberieBB lour islaiids enclosed by the exceedingly wide estuary of that gigantic 
Btresm. From this region caontchonc is also exported in the form of dioet» 
manufactured by the Indians, who, for that pmposei make the milky juice flow 
slowly and repeatedly over the nec<^s3ary monlds. Besides, considerable quan- 
tities are gathered around Quito, on the Mosquito coast, in Ouiana, in the inland 
of Mauritius, and in Brazil. 

In the East Indies, the fig trees are predomiiunit. Their nomerons speoles, 
which chiefly form forests in low localities, faiTest the TSgetation of the islands 
situated in t!i'' Indian' Archipelago with a peculiar character, manifenling itt^elf 
in their closed and sombre appearance, the density of the forests, and tbe moisture 
and dampness of the air. The stems of the trees rapidly develop themselves, 
and are remarkable ibr their MkjiiilekneBs, their irregular growth, and the 
wide spread of their intertwined branches. The wood, however, is soft and 
spongy, and a multitude of parasites and creeping plants spread a living cover 
over tbe bark of the stems growing out of the mouldering ground. Numerous 
hosts of apes leap to and fro, screaming and howling, over the high branches, 
and the thickets are all enlivened by the varied carols of the birds. 

Already, when approaching the Straits of Sonda, the traveUer finds a fhll 
coihpe nidation for the w^uriness of his long voyage, and the view vponthe coaet* 
teaming with vegetation, surprises liim the more pleasantly as he still remem- 
bers I be- ^prirsely-covercd beights of the Canary and Cape Verde islands and the 
bald summits o|' the African table mountains. The nearer he approaches, the 
Bvelier becomes hts desire to enter the scene which so charmingly opens to his 

e«. While Borneo is eovered wtth forests displaying in the highest degree 
the character of equatorial exnberance, and Sumatra presents the aspect of a 
perfect tropical wilderness, Java, the finest of tbo Sunda isles, deserves the 
prize of beauty. Here the vegetable kingdom eau be seen in its perfectly pure 
form ; here more plainly than anywhere else can we see what the undisturbed 
power of regetable growth in tropical elimates, aided by a combination of most 
mvorablc circumstances, is able to aehieye. In no other part, probably, of the 
efip*ern bemiBphcre is puch luxuriance of vegetation to be met with. The whole 
idlaud is a hot-bed reposing over a hearth of subterranean fire, still active and 
everywhere manifesting its activity. Just at the foot of the volcano Merapi, 
rising to an altitude of 8,000 i^t, vegetation appears most powerAd. Hnndredfl 
of species of trees, among which there is haroly one falling short of a hnndied 
feet, form tbe high arched prim«'val forest, towering over a rich, spongy soil, 
covered with an endh^sHi multitude of mushrooms. Among these trees the 
nrticeae, or fig tree, are, in general, the principal figures. 

Forming a continuation of the volcanic ehsln of the Snnda isles, there is 
another rai^ of yoleanoes, which takes a northerly direction : it is that of the 
Holnceas and Philippines. Ghiefl} iti the latter islalids, one of which, Luzon, * 
is covered with a dense range ot vol m^. ^i, tT,e gorgeous magnificence of the 
equatorial zone is fully displayed. It we there ascend the mountains, we per- 
ceive in the Ibresta the powerful fig trees, around which luxuriant parasites wipd 
ft dense tre^-work. 

On the Indian main land, and chiefly in ftirther India, under the perpendicu- 
lar rav- of the sun, nature displays its full strength in developing the vegetable 
world. And, again, it is the urtieea), together with terebinths, magnolias, gum 
trees, with large resplendent leaves, hauy silver trees, palms, bamboos, and 
similar plants, Uiat produce a theatre of vegetation entirely new to the European. 
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It is tine we find in our hot hooBea ihe repveientatiTes of the plants wlneli 
yield 08 caoutcfaoac» bat we see tbem theie only ki a more or less stinted con* 
dition. However carefully wr may rear and guard them, the animating glow 
of their native sun cannot be replaced. As tli<' Europeau becomes another man, 
if he does not entirely degenerate, in a tropical climate, so the character of thoso 
plants becomes alterad in oar artificial* not-hoosee; they yield no caoatohotu^ 
their nulky jaice cont^mg only a substance which graatij resembles oar 
mistletoe glue. And this proves that the boining aon of iJie tropica is a piin- 
oipal a^^t in forming caoutcbniic. 

It is not exactly known who liidt brought clastic gum into Europe. Gener- 
ally, it 16 believed that it was the celebrated French savant. La Gondamine, sent 
by the French Acadeooj to Sonth America to ^partake in the meaanring of 
degrees of the globe. On bis return, in 1736, he is said to have spread the first 
knowledge of it. Later, in 1751, he more fully communicated hi.^ observations 
on the subject to the Academy of Paris. At that time 'elastic gum was still 
regarded as a great curiosity, to be found only in museums. The Portuguese 
were &e first to introdace it, the conuneicial nooaes of Lisbon aelling it nnder 
the name of booocka. In the far east caoutohonc was disooirered by a compaoj 
of soldiers who were compelled to cut their way with the sword through a forest 
of Prince of "Wales island. They were surprised to find their blades cover(!d 
with a glutinous aubstance, which proved to be caoutchouc. To Dr. Roxburgh 
we owe the first botanical description of the first East India plant, { Urceola 
elattieoij from which caontchonc waa deidTed. 

For many yeara it was tamed to no other ose but the ^^ing of lead pencil 
mi&i'ke. By degrees, however, the mo^t important property of the Inrdencd 
plant juice, its uncommon elasticity, became better known and uoeruUy employed. 
In 1790 elastic bands were already mauufactuied the art of sof tening caout> 
chooe and forming it into water-tight textures had been learned. In 1791. 
Orassert made caontchouc tubes by twisting firesh-cut pieces, in' the form of a 
screw, arouud a tho m. lu 1S20 StaJeler extended caoutchouc into fine threads, 
which were spun and woven into elastic textile fabrics. Later still, Mackintosh 
brought to market those water-proof fabrics which bore his name, and which, 
in a short time^ made the ima ci the whole dviliaed world, but jost as zapidlj 
fdl into disfavor, the tightly-fitting dresses made of them proving to be inaoi^ 
T«nient For, in the same way as they kept off the rain, they also prevented 
the passage of the exhalations of the body, so that he who wore them for soiBd 
time became wet even without rain. 

That people also knew how to make use of caoutchouc in a different way, 
anpears nom Seome's " Walk to Syraoose." **Fin6 Water," says he §t one 
plaoe, "is one of my chief favorites, and wherever opportunity oflfSsred I ap- 
proached and drank of it. You must know th?*^ T am not so Diogencs-like in 
the matter as to drink from the palm of my band, luit that I use on my pil- 
grimage a iiask of gum, w hich is clean, keeps well, and can be made to assumyo 
any ^hape." And again, when speaking of the inseearity of the high roads t 

There is little reconnoitring with me ; my hammer and my gum flask will 
tempt few robbers." But it is undoubtedly the chemists that turned the elastic 
gum to beet advantage. We can say tliat it became indispensable to them. 
The successes achieved by that science smce the end of the last century are to 
be attributed, in part» to the use of the apparently unimportant tubes, a few 
inchaa long, which ths dfemist so easily mana&ctares oat of that gam. With 
iheir aid he makes gas condtlctors air-tight, and prepares many a complicated 
apparatus. This importance of the elastic gum is owing to the property of ad- 
hesion to each otlier residing in its fresh-cut surfaces. The chemist simply 
places a small piece of a thin sheet of caoutchouc in such a manner over a glass 
tnbe of convenient diameter that the two edges flatly overlay eadli other, and thiim 
rapidly cuts them off with a sharp pair of adssonk If ihe eat edges do not 
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touch each other he presses them carefully together, :mi\ the tube is done. The 
▼alue of those tnbea to enhanced by other ehemtoal prooerdes of the snbstanee, 
irlnell is insendible to the influences of many acrid liquids and vapors. Chlorine 

gna, hydrochloric, and many other acidr* and cau.-^tic alkalies, do not affect it. 
Coucentratod sulpliuric acid cau-'cs a carbonization of its surface, bnt a further 
decomposition only at high temperature, sulphurous acid beiag evolved, and 
the gum Asanming the Boftness of resin. Nitric acid makes it yellow^, and, ai ter 
flome time* aoft. In the fuming acid it dissolvefl, evolving carbonic oxyd. Bnt 
a mixture of concentrated sulphuric acid and nitric ac id acts mo^t destructively. 

Tb»^ common solvents exercifp no influence on caoutchouc. The solution of 
thi- ^-ub^tauce was, therefore, a lon<!^timt' an cnif^ma to chemists, even aflcr Mac- 
qucr'tj pretended discovery in 17G8 of the key to it. It was Pelletier who firot 
indiealed the right way of doing it. flCavine been eoftened in hot water, 
caoutchonc is solved by ether free-d from spirit of wine. Wi'hout this precaution 
thi^ subn^tance is only softened, as it 13 by petroleum or spirits of turpentine. 
At the same time the substance increases by swelling evon to thirty times its 
volume. It is an easy matter to blow the softened flasks into a considerable 
oae. Mitchell expanded a eaontohonb bladder of the size of a walnnt to flileen. 
inches diaineter. He prepared such balloons, some measuring six feet in 
diameter, which, being filled with hydrogen gas, serve as toy balloons for 
child r n One of du se balloons havin^r 'dipprd from his hand, cam»* down to 
the ground only ai a distance from the town ot a hundred and thirty miles. Bat. 
caoutchouc BweUed in rock or turpentine oil can bo so much extended by the- 
appKcaiioii d heat and mechanical means, larger quantities of the liquid beings 
gradually added, as to appear dissolved. The caoutchouc membrane, however, 
which is left after the evaporation of the solvent, has the inconvenient property of 
long remaining sticky. To remedy this inconvenience, Benzinger has by acci- 
dent discovered an efficient means, not yet widely known, in the admixture of a 
▼erj small quantity of a concentrated solution of sulpburet of potassa. 

Better solvents for caoutchouc have lately been discovrred. Such are 
chloroform, sulphide of carbon, and chiefly those carbnretted fluids wluVli arc 
derived from tbe distilfation of tar or of caoutcliouc itself. In one factory at 
Greenwich, England, about eight hundred pounds of waste caoutcliouc are daily 
0all|ieeted to dry distillation in iron vessels. When this operatioa is not carried 
too &r there remains a greasy mass, which retains this property, and effectually 
withstands the influence of the air and water. For this reason it is used in 
England for the purpose of saturating cablps, and thus rendering them more 
durable. A similar greasy mass is gained by melting caoutchouc at a temj)era- 
tnre of 12^^. It swells and burns with a brigbt whiti.sh ilame, so that, in 
South America eaoutehoue is used for purposea of iUumination instead of candles 
and torches. 

In the mineral kingdom, too, substances are found which in their external 
properties greatly resemble caoutchouc, but resist tin; pr)\ver of solvents still 
more effectually than the vegetable material. A similar substance can be pro- 
duced artificially by exposing thin layers of linseed oil to the air for six or 
MV6B months. 

As early aa a quarter of a century ago caoutchouc had become a branch of" 
industry of some importance. But the English imports of the raw material, 
ihow that it was still resting on an uncertain basis. While in 1S29 about 
100,000 pounds of elastic gum was imported, its consumption in the following 
year reached only half that amount In 1833 a duty was paid upon no lees 
than 178,675 pounds. The properties of the raw material itself greatly restricted 
its maiinfictiir-«. Tlie use of tli" arficles manuPactured was changeable and 
limited. By moisture and cold gum-elastic partly los^js its elasticity, and be- 
comes hard, but it is softnued by heat and compression in the hand. Many an 
avtiele that waa ve^-y osefol in summer had to be put aside iu winter. The 
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removal of thia inconvenipnce gave an PTpjirjsion formerly iintlionglit of to this 
branch of industry, which became manifrst at th(' world exhibitionB of Loiidon, 
Kew York, and Paris, in 1642. The importation of caoutchouc into Eugiaud 
Amounted to 750,000 pounds; And about the time of the Loodon Bxbibition one 
South Americkn port alone exported yearly no less than 4,000 hundred-weight. 
By what means this rapid change was consummated may bo described in another 
place; here we find it more convenient to introduce the lately discovtned com- 
panion of caoutchouc. The manufacturing processes of both are almost identical* 
and arc therefore to be treated in conjunction. « 

During one of his travels in tbe East Indies, Montgomery, surgeon of the Sin- 
gapore East Ijidia Companv, entered into conversation with a Malay laborer. 
Wnilo talking, he observed the handle of a hoe, and he h*»ard with surpriso 
that its substance, however hard it appeared to be, could be poftpncd by 
immersion into hot water, and could thereupon assume and preserve any deal red 
shape. The experiment behig immediately made, the assertion of the Malay 
wa^ fully confirmed. On further inquiry that excellent quality of thesubstanoa • 
in question waf? found to have been long known among the nations of Java, 
wbfT'- it was used for manufacturing caue.^ atirl li indlcs of whips, as well as of 
various other implements, and especially of knived and daggers. Montgomery 
was induced to send, in 1 843, various specimm to London, and fb call pnbHc at- 
tention to die manifold uses of which the thus examined substance was capable. 
His words were more duly noticed than those of D'Almerifla, who about ten 
years before had scut a siiTiilar freight fo fbt^ A?i itir Society in London. The 
Socif^ty for tbe Encouragi-ment of Arts anil lacUiHtry be-towed a gold medal 
on Montgomery. But gutta-percha was at the same time al.so discovered by 
Thomas Iiobb, who, in 1843-*43, made a botanical journey through the Eaet 
India islands. 

The new, but now already go well-known i?ub^!tancc, ifl alpo a dried milky 
juice, in many rePDftcts resembling caoutchouc, and, thfrcfore, considerably 
used of late as a substitute for it. The Malay name, gutta-percha, is applied 
by the natires to an inferior sort, derived from a tree ^s yet unknown to rm, 
probably a species of fig-tree, whOe our guttarp^cha is called gntta-taban by 
the islanders. 

The mother plant was for a time unknown rintil Oxley Bcnt to Hooker, in 
England, some blossomiug specimens from Siugapore, the principal place of 
exportation. The parts of the plants were enclosed in agutta-percha box, and 
reached thus well preserved Uie nands of the botanist. Sto recognised the plant 
to belong to tbe genus itoitandra, lately introduced by Wright, and tq llie 
family of the sapotarfxt, and gave it the name of isonandra gvffa. Here W« 
must remark that gutta is not the latin word for " drop," but a Malay word do- 
signating " tree's sap." 

The tree attains an altitude of forty, and according to some even of sixty or 
seventy feet. The stem is straight, and often from three to six feet in diameter; 
its blospoms, four in a bunch, are small and white ; the fruit is sweet, and yields 
a fat useful in the preparation of some kinds of food. The wood is soft, fibrous, 
and spongy; it contains numerous oblong cavities EUed with the milky juice, 
and forming broad streaks. Unfortunately the way of procuring gutta-percha 
is exceedingly erode. It is not done by making incisions in the trees, as ia the 
case in gathering caoutchouc, but by felliug the intern, some grown to an age of 
from fifty to a hundred yearp, peeling off the bai k, and collecting the milky 
juice in a trough made of the stem of the musa paradisiaca, in cocoanut shells, 
&c. The juice, when spread out in thin layers, soon becomes solid in the open 
air ; larger quantities are thickened by heat. The yield of a tree is said not 
to exce^ thirty pounds. 

Although the tree abounds over a vast extent of temtory — in the island of 
f^gapore, in the forests of Johore, at the extremity of the Malay pcninsala. 
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in Borneo, Sumatra, and all the numerous inlands of the straits of Sinp^apore 
and the Indian Arcliipelago — the de8ti uction of thesteraa, (iJ 70,000 ih all,) caused 
bj the rapidly inoreMing exportation — 22,225 f6noA»ia 1844» but already 26,583 
fiwt* in the following three years — g r r rise to serious apprebenBions. And in 
fact, the export ition itself seemed to decrease soon after, for, after reaching 
11,114 ewt. in I "^ I'l, if amounted only to 8,091jJ cwt. in the following year and 
a half. It appears^ honrever, to hare since somewhat increased. 

Be this aa it may, warnings were soit over from England to treat the trees 
mofQ saTingly, and to make inciitions in, instead of foiling, them. Frequent 
complaints were heard that in India people believed the primeval forests to be 
inexhanstihle. Thai th^y J*re not 80, and what y>prniciotis consequences follow 
their devarfLatioii is proved best by the example of the West India inlands. 
At the time ol thuir discovery, these were all covered with the tines t forests ; 
now fine forests are onlj to be found in the larger islands^ wUeh ow« to them 
their abund Hu ^ of water and fertility. The smaller iBlandfl, howoTSr, theforests 
of which have been recklessly destroyed, nuffer from drought, fu\d in part posBPss 
, neither springs nor brooks. There is scarcity of fuel all over the West India 
islands ; in Cuba the sugar pans are heated with orange- wood, the sugar-cane 
not being snffieientfor Ae purpose. Though this example speaks lend eviotigh, 

Seople in the East Indies have no ear for Uie warning, and seem bent <m repro* 
acing there the deplorable condition of the West India islands. The earnest 
entreaties from England remain unheeded, and the well-known botanist See- 
maun informs us that he could discover no gutta-percha tree even around Singa- 
pore. At some places the tree is grown by European settlers in gardens. The 
ooasts of the Indian Archipelago, too, are abeady greatly denuded, while trana- 
portation from the interior is connected with great difficulties. 

Gutta-perelia is brnnghf to market partly in a liquid state, partly in email 
slices, or kneaded into blocks and rolli^, in tiie cntB of which the layers are dis- 
tinctly visible of which the whole mass is composed. In this case it is solid 
and hard, but still easily receives impressions by the nail. The eolor is more or 
less reddish brown, owing to piecoi of bark contained in the mass. This con* 
tains, besides other aubj"tance?, parts of plants of various kinds, sawdust, 
earth, &e., admixed with dishonest intent," and sometimes ainonnting to a fourth 
of the whole, especially as the trade at the principal place ot export is almost 
entirely in the hands of the crafty Chinese. 

Gntta>pereha* in itself, possesses little, if any odor; but it often smelb 
strongly, aa of rotten cheese, or of something sour, on account of admi:£ed 
substance? in a state of fermentation. At ordinary temperature, 0° 25', it is 
hard, leathery, solid, and strong, so that, for many purposes, it is preferred to 
wood ur horn; it is tough, very stiff, and little elastic, so as not to resume its 
original shape after much beading. At no temperature does it possess the 
ebwtic ductility of caontehonc. It oUttB a considerable resistance; its solidity 
has been tried by various experiraenta. According to MacCayan a piece onc- 
eighili of an inch thick is torn only by a pressure of 50 pounds. Payen put 
gradually increasing weights upon a very thiu gutta-percha baud 7^" long, 
I" i^'" broad, and not fiilly j^^^"' thick, nntil it tore ; this took place under 
a pressure of more than 4^ pounds, the band, in the meanwhile, having ex- 
panded to 1' 1^', diatis to say, almost to double its length. FermantcT has 
found that every square line of t!ie diameter of a gutta-percha band could bear, 
before tearing, a [)re.sBure of 25 pounds. The line of division marking where 
the elaslicily begins to be tasked, would, according to these experiments, fall on 
fire pounds for every square line, or 720 pounds for a square inch. At a higher 
temperature, by which gutta-percha is softened, tearing ensues much sooner, 
and the latter, therefore, frcciuently proved a failure when BsrTices were de- 
manded of it whicli did not agree with its nature. 

The moat remarkable peculiarity of this substance, which makes it appro- 



Digitized by Google 



214 



CAOUrCHOUC AND GnTTA-FEBCHA. 



priate for so, many uses, is its relation to lieat. Above 50^ it becomes more 
flexible and somewhat elastic, but Btili maintaias its iiardness aud remarkablo 
power of reaiBtance ; on Bevero tension itft eontraets but little. At to 70^ 
it becomes soft and very plasde, and loses mach of its tonghneBS. In this con- 
dition 8everal pieces of it can easily be kneaded into one whole. Mere immer- 
sion into hot water of these teraperatnres suffices to ^vc the masa every shape 
desired, which it al^^o presi rves after cooling off, wlit ii it reassumed its former 
hardness at every l« inpuraiure below +45''. It is, further, easily inflammable, 
and burns with a bright fl:ime, and amid strong sparkling, drippiug off a daik, 

Slutiunous residue. In r^ard to solvents* guttappercha is like caoutchouc ; its 
ecompor'ition in increased heat and its composition are similar to those of that 
substance. Like it it con^(i!*t8 of cirhido.-: of hydrogen. TIm^ little oxygen 
which iias been Ibund in analyzing it was probably received from the air during 
the purifying operation. The article of trade has frequentlj been subjected to 
clioniical experiments, but we cannot say that a clear result bafi been elicited. 
We omit them, therefore, mentioning only one circumstance which has often 
caused confusion in practice. 

The surface of a carefully cleaned plate is iound to be, in parts, covered with 
a bluish bloom, which, however often wiped away, reproduces itself as long aa 
the plate remains flexible. After years the whole snr&ce appears to be &intly 

f grayish bliie» and under the microscope can be perceived an exceedingly thin 
ayer of very fine, white, lirtlo dots. A higher temperature, to which the gutta- 
)u;r( ]ia had been exposed, greatly promote.:^ this alteration, aud therefore the 
darker sorts sutiijr by it moat. The physical property resulting from this change 
of the surface is noteworthy. Unchanged gutta-percha is a good insulator of 
electricity* and occupies so low a rank in the scale of efjsctric affection by rubbing 
as to remain strongly negative when rubbed by almost any siib^^tance. Only 
gun-cotton and electric-paper make it positively electric. The changed surface 
does not destroy the power of insulation, but the gutta-percha rises thereby high in 
the scale of electrical excitement, and whea rubbed with almost any substance 
becomes positively electric in a high degree. The exceptions are only mica, 
diamonds* and furs. Uence we learn the remarkable fact that we possess in 
gutta-percha a plate, one plane of which — the blue — wlien lightly rubbed with 
the band, with linen, gljisH, rock crystal, the Ijavb of a feathw, or flannel, 
develops intense positive, and the oUier — the browu — intense negative elec- 
tricity when going through the same processes. 

Gersdoff finds the cause of this change of surface, which resembles a similar 
appearance on the surface of ripe plums, in the attraction of water from the 
atmosphere. Gutta-percha, deprived by cautious melting of all water, of which 
it, as a rule, imbibes some per cent, in the process of formation, aud there- 
fbre assuming a dark brown oobr, is soon covered, especially on its cut planes* 
with this vapory coating; whilo this doel not tike place, or does only a great 
deal later, with the light-brown substance, which has not been rendered anhy- 
drous to so extreme a degree, except when, and only whore, it is traversed by 
dark veins. Still, it is a question whether the change of color is a consefjuence • 
of a mere deprivation of water, or rather attributable to the influence of heat, 
that is* to a change of the substance itself. 

Therefore, it is likely that the change of the gutta-percha is caused hv a se- 
cretion of a component part of the mass by the influence of air aud heat. 
The excessive positive irritability of the ahertnl surface, which we fiud ia 
no other vegetable substance, is an indication that the process is connected 
with the two kinds of resin which Payen has obtained from gutta-pen^, A 
closer inquiry into the question, especially in the indicated direction, would be 
useful, lor only thus could we discovar tht; cause:^ of the unfortunate transfor- 
mation of gutta-percha into a very brittle mass, a change noticeable diiefly in 
small articles manuiactuxed out of th-At substance. 
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Caontchouc and gutta-percha can be easily dis*tiaguished from each other. 
First, they are entirely different in theur structure. When gutta-percha is 
ToUed into thin sheetot or drawn into strips*, it is lilce a fibrous substance, whieli 
is not the case with caoutchouc. A thin strip of gutta-percha can bo con-' 
sidernbly stretched in ono direction, in that of tlie fibre, hnt it tears at f^vprr 
attempt to stretch it ohlicj^uoly to that line, while caoutchouc in easily strett 1 c*! 
in every directiou. When thin sheets of both Bubstauces are examined in 
their relation to light by means of pohurisation caoutcbone shows little, if any, 
change of color, while gutta-percha offers fine appearances. The latter seems 
to be constructed of prisms of the most Tari^ted color, which appear to be in- 
terlaced iu each other. 

In a chemical way, too, the two substances can be distdngoished from each 
other by means of chloroform. Gntta^percha is dissolved in it boilings ; it yields 
no eth» from the eolation by distillation, bat an alcohol in the form of a white, 
ductile, not sticky membrane, and such is its residue after the evaporation of 
the solvent. Caoutchouc, on the other liand, swells up in boiling chloro- 
form, and only when the jelly has been divided by chemical means, perfect so- 
lution eudues in the further process of boiling. Alcohol acts here as a means of 
distiUation} the eaontchonc is secreted as a coherent, not as a sticky mass. 
In this way the two substances can he detected even when mixed together. 

Of the formation of these two vegetable pubstancns we know nothing, and 
neither do we know more of the part they act in the orgauit^m of plants. In 
order to avoid the difficulty, they are designated as secreted matter. 

Whoa Montgomery sent to London the first specimens of gutta-percha he 
chiefly recommended it for the purpose of manafacturing surgical instrnments, 
as those made of caoutchouc would soon become softened and gluthious. It 
was, however, soon found out that the excellent qualities of gutta-percha render 
it, much more than caoutchouc, appropriate for a thousand other uses ; it espe- 
ci^ly promised to become a substitute for leather, showing none of tiie disad- 
Tant<iges presenting themselves at the application of caontchouc for the same 
purpoBe. Besides, it is not subject to wear and tear ; and when the shape into 
which this pliable ma?s is cast gets out of fa^ihion, it has only to be put into 
hot water in order to be transformed, or n.-^ed for something quite ditferent. 
Althoogh known only for a short period of time, it is already used for the manu- 
factore of so many wings, and the ways of mannfactoring it ore so manifold, 
that it will be difficult to prQsent here a tnie pictore of the whole. • 

The operations used in working thene two substances arc common, in part. 
The first is that of cleansing them from ton-ign admixtures, the black Java 
caoutch nc, particularly, containing a considerable multitude of small stones 
and ve^. table particles. At the pnrchase of caoatchoac tihe quantity of water 
it contains is, aboye all, to he taken into account, that admitting of deceitful 
augmentations. For not only is thereby the real value diminished by a fourth, 
but it also loses considerably of its toaghness and doctiUty, while its whiter 
color apparently indicatc^s a better sort. 
. The cleaning operation is executed partly in a mechanical and partly in a 
ehemicd way. The mass passes between two taming cylinders, corrugated, 
overlying each other horizonally; this removes the stoneg and similar sub- 
stances. In order to make this process complete the rolled sheets are washed 
in lye. A large number of tlu^se leaves are pressed together in a heated 
cylinder, which gives them great uniformity^ When in largo plates caoutchouc 
is pat and«: a hydraulic press, where it is snbjeeti^ for six or eight days to a 
■evere pressure, at a temperature of firom 45** to 50**. When very thin sheets 
are to be obtained, the heated mass passes through a rolling machinery, the 
hollow cylinders of which are heated to a temperature of 100", by meane of 
steam or of hot iron bars, and which are gradually placed tighter and tighter. 
The mass being very adhesive in heat, sheets of every length can be obtained 
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hy fresh ftdditioiis to it during the process of rolling. In order that tbc nheets 

be prevented fr<ua sticking to each other, thcj are, when taken from the rollers, 
plaf't (1 in;o cold water or strewn over by talc powder. When placed betwepu 
texiuieh or covered with them ou one side, and then passed between rollers!, 
caoutchouc and textuiu adhere to each other, thus yielding a very durable 
water^pioof materinl, wliich i« not» however, fipo© from defects. By pressing the 
edges together, while heated, the caoutchouc sheets become perfeetly united, 
80 that in this way various ntensilii, bag.-^. , of nil dtmen<5ions, can ca:?ily 
be manufactured of them. This property made Howisse believe that we 
could soon do without tailors. According to him, instead of being sewed, the 
edges of the single pieces of a dress are to be beemeared willi <i«ocitehoac and 
pressed together. 

Plates of caoutchouc and gutta-percha are easily cut into threads and rib- 
bons of any thickness by two spiral blades of a peculiar cutting machine. In 
order to facilitate the weaving of ca^outchouc threads, they are made non- 
ekstic by stretching and oooling. The finishod texture bcin^ heated to a tem- 
perature of* 45^> the oaoatehouo regains its former elastieitj. Both caontchonc 
and gttttE'percha can also bo drawn into very fine nnifbrm threads hy means of 
a drawing iron, the material being swelled up in sulphuretted carbon, contain- 
ing an admixture of alcohol. Thick threads can be stretched into thin ones of 
six iiiiieii their length, and when heated to a temperature of 100*^ thcj preserve 
Ihe length obtained hy stretching. After cooling, the same pvoeess can again 
and again be repeated, until the desired thinness is obtained. After six rep^ 
titions, for iuBtance, the length obtained is already like 1G,625 to 1, representing 
the original length. Such thin thread;^ of gutta-percha are particularly to bo 
recommended as twine to artistic gardeners. Their pliability and strength are 
astonishing. Plaidngs derived from thein seem to be indestructible. 

When caoutchoac hi to be used as dongh or eement, it is first made to swell 
in about double its weight of the solventi and the jelly is then crushed m a 
machine by means of several cyli rifle r-^. This mass serves either as ^luc, as, for 
instance, in the manufacture of cahiuei war«i and musical instrumcntj*, or to mako 
certain materials water-proof, or to tiave them from moisture, as, for iudtHuce* 
the wainscot of buildings. After the eiaraple of England, German bookbindein« 
too» use caoutchouc, instead of animal glue, to great advantage. «A caoutchouc 
cetiT nt, known under the name of mairne glue, has evinced some excellent 
qualiiies, especially in joints of wood and metals exposed to water, as well 
as for calking pui'poses. A solution of caoutchouc and rapeseed oil, which 
absorbs of the former only a one-hundredth part of its* own weight, is used aa 
grease for parts of machines ex|)osed to excrasive friction. When slaked lime 
is added to the softened mass which caoutchouc yields at a temperature of 210**, 
an excellent water-proof cement is obtained. Though tough, the mass remains 
kneadable for years ; an admixture of Vermillion is, theretbre, necessary whea 
drying up is desired. 

A solution of caoutchouc and gutta-percha, has various useful applications, 
among others for ooating various substances in order to make tnem water- 
proof or to save them from th»' inHnence of water and air, as, for instance, in 
the manufacture of leather, nhoea, and boots, leather and hemp bags, cordage, 
&c. A solution of gutta-percha in chloroform is more serviceable in curing 
wounds than coUo^n, which it will undoubtedly replaee also in photography. 

Within this nanow sphere the \:aoutchouc industry but a few ^ears ago 
mov(ul. The discovery of the remarkable relation of this substance to sulphur 
finally removed all defects from the articles obtained by its manufacture. The 
English manufacturer, Hancock, early discovered that the hardened vegetable 
juice enters into a chenrical eombination with sulphur, which greatly alters the 
property of the former, and makes it entirely indiffnent to the iuflnonees of the 
temperature. Under all drenmstanoes the principal property, dastieitj, re-. 
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mains uucLauged. Sulphurized, or, as it is called, vulcanized caoutchouc be- 
oomeB neither soft nor gmtiiioiu in a tropical he«t» nor hard and brittle in the 
cold of « northern winter; even a temperature of 100° and npwaid has no effect 

on it. Solvents, too, lose all their poveer of affecting it. 

But before iudustry could draw considerable advantage from this circum- 
stance, various experimenta were requu^d, for tlie discovery of the jpre- 
eiee relation of aolphnr to Gaootchone. and of the exact temperature to which 
the mixture^ was tolbe eabjected. The elacidation of theae difficult pointa we 
owe to the American Goodjear, through whom the eaontehoae Indnatij baa 
risen to a height never dreamed of before. 

According to the earlier way of proceeding, the bheets of canutchnnc were 
laid iu iluid Bulphur, of which they absorbed from teu to tii'teeii per ceut. 
witiun two or three honra. Thia canaea no alteration in the propertiea of the 
organic substance, while at a temperatore of from 135^ to 160^ such an altera^ 
lion is brought about in a few mitiuteB. A longer subjection to this temperature 
IB iujuriou?*; the manufactured article becomes less pliable and elastic, 'xnd be- 
comes hard and brittle, so that it tears off short even ou a slight stretckmg. The 
aame ocenra when too much anlphnr i» absorbed* and thia ia under that method 
always the case, only from one to two pounds of snlphur ohemioally uniting 
with the organic substance. The rest remains lying between the pores* and is 
removed by Tnechanical means by alternate stretching and contraction, or rather 
by chemical substances acting as solvents, as alcoholic lye, ether, sulphide of 
carbon, oil of turpentine, or benzine. The latter process must always be applied 
when the Tuleaniaed eaontchone is bvonght in connexion with metalst whidi 
the residue of sulphur not chamically united would affisct injuriously. 

The difficulty of obseri'ing the right measure of Bulphnrizatinn i?" proved 
by the mauilbld complaintn fil)out the inferiority of the raanul'actured articles in 
the market, which by no ine^uis possess the so much vaunted excellent qualities. 
It is easier to observe that precise limit under fbe methods of cold Tulcaidsa- 
« tion recommended by Parkes and Gerard. The caoutchouc, or the article man- 
ufactured^ from it, is steeped in a mixture of chloride of sulphur and sulphide of 
carbon, or in sulphide of potassium. But in whatever why the sulphurization is 
effected, it does not take place uniformly over the whole of the mass. To 
judge by its reauction with solvents, there seem to be two different compounds, 
besides which t is also unaltered eaoutehouc 

Altboa^ gutta-percha adapts itself to manufacturing processes *mofe 
easUy than caoutchouc, it yet gains by sulidiuriijation, becoming thereby more 
elastic hikI insensible to changes of temperature as well aa to solvents. Better 
still than pure gutta-percha is a mixture of both substances. • . 

It can be said that salphuriaation has given an endless vtakty to the nae of 
those substances. Xothing could prove this more than a visit to tike industrial 
exhibitions of London, Munich, and Paris. At the first named, extraordinary 
interest was excited by a collection of gutri pf rt lin manufactures, prepared by 
natives of India, to the exhibitor of which (VV. K.err, of bingapore) the prize 
medal was awarded. 

The chief r^resentatives of this branch of industry are Korth Ameileay 
England* and France^ and the master in it is Goodyear, whom his invention 
promises to make immensely rich. Not only the manufacturers of his country 
are tributary to him, on account of his patent, but also numerous iirms in 
France. For a time Goodyear was the lion of tlie whole Union. A country- 
man of his, however, (Mr. Day,) contested his right to the monopoly, and this 
gave rise to a gigantic lawsuit, which agitated the whole Union, the most ct^le- 
bratcd lawyers, and among them the great Statesman Daniel Webster, pleading 

on the one side or the other. 

The manufacture of India-rubber goods was everywhere very limited 
before the invention of vulcanization; since 1844, however, this immensely 
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important invention has opened to tlie plant-juice almost all branches of 
human industir. The importation of that gam and the amount of goods 
mannfiMstnxed from it are mcreasing with astonishing rapidity. Most M' t he 
factories are in the States of New York, New Jeraey, MaBsachtieetts, Rhode 
Islaiul, .'iTid C isTM'cticut. Thousands of people find there employmeut and 
p^nin. TIk; work ia chiefly doue by boyb and girls,' but adult men, and even 
ariisLs, are variously employed. One of the most important articles is springs 
for railroad cars, the patented monopoly for vhichy in the Union, belongs to the 
<' New England Oar Spring Company/' which yearly works up about 400,000 
pounds of tlic raw material. For some other articles its consumption is equally 
immense. ThuiS several million pairs of India-nibber shoes are yearly manufac- 
tured in the Uuited States, the " Hay ward Company '* producing daily several 
tbonsand pairs. Some of the finest shoes, such as would presenre tlusir gloss 
after the longest sea-Toyage, are mannfactared by "Hartshorn & Oo.»" in 
Providence. 

And yet the working up of this pecnliar product of nature is still in its infancy ; 
every day discloses new ways ot using it. Already attempts are being 
mode to coat the submarine tdegraph wires with India*mbber, and this sub- 
stance is also to be used for nautical charts, instead of paper. As it can be 
rolled into sheets of the greatest thinness, it seems to be destined to replace 
paper in various refpocts. Map?, globes, dec, are alnvidy prepared from it. An 
extraneo'i'^ rircumstanfo will promote this devclopmeni. It is already regarded 
as a fact that the cousumptiou of paper is now out of proportion to the produc- 
tion of ate raw material necessary for it» to wit, rags. All effiivte to cheek the 
increase of this disproportion, through the nsa of otlior raw materials, have as 
yet produced but an incom])]ete — by no means < ;Ive — result. This Is par- 
ticularly noticeable hi the North American Union, w hich, as of so many other 
things, can boast of a grand journalistic and other literary ^roductivenesfi, and 
vainly looks for raw materials in the Europem market for its immense paper con- 
sumption. The remedy will not be long sought for; the indications are already • 
' given. Bleached gutta-]jercha, espeetalh', is better adapted for li^ographic 
printing than the finest (Jbineae paper; it yields really admirable copies. By 
wetting it with a Bolution of gutta-percha in sulphuretted carbon, printing paper 
cau mo6t easily be transformed into writing paper. ^ 

A neenliar bianeh of this new industzy is the now immense production of 
toys for children. However sad a part the German may play in his own house, 
and however grievous the offence this subjects him to on the jiart of proud na- 
tions, the honor of being the teacher of mankind remains to him intact. Ger- 
man scientiti^ inndstry labors for the beneiit of the whole universe. Thus 
Kurembnr^ can boast of having been for coitaries the privileged teacher of the 
children of all nations and races ; its toys contributing to develop the first ideas 
in the children's world. But this privilege is now contested by the industry 
of the United States. Infltead of the harmless dogs and cats imported from 
Nuremberg, babies receive there as toys India-rubber eagles, horses, lions, and 
leopards, destined to rouse their power of observation. The importation of 
German toys has sufiered by it, but the industrial products of Nm^emberg* or 
what goes oy that name, will not easily yield the ground. At the Paris ex- 
hibition we -HM' a host of those North American toys, but those "il'ere deficient 
in ncMtness and taste ; they entirely lacked the gracefulness of the Nureniburg, 
and especially of the Wurtembergian manufactures, which at the Munich Exhibi- 
tion so vivid^ bronght baok to our mind all the charms of our half-forgotten 
childhood. Already at the London Exhibition the new American articles of 
India-rubber manufacture became objects of general attention. Charles Goodyear, 
of New Haven, Connecticut, and Charles Mackintosh & Co., the two principal 
representatives bf the cauotchouc industry in America and England, woro the 
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only receivers of the great council medal, other prize medals being awarded to 
two American, three Knr^Hsh, two French, and one German firm?. 

The American division of the Paris Exhibition owed its principal attraction to 
its numberless India-rubber articles. A new kind of vulcanized caoutchouc was 
chiefly noticed-^another tnomph of Goodyear's inventive genhis. We refer to 
ihe so-called hard caoutchonc. When caoutchouc receives an admixture of 
about a fifth of its weip^lit in Bt:lphnr, the mixture bein^ heated to 150*' and 
Simic a?*p1ialt bcitif; added, a mass is gained which equalri marble in hardness, 
and is capable of an extremidy beautiful polit^h. The muuiiold applications 
wludh this valuable Invention has already found, allow ns to realize the eztraof* 
dinaiy extension qf which that branch of industry is capable. Hard caoutchono 
is a substitute, not only for ebony, Tiorn, tortoise-shell, ivoxy, and whaie-bone^ 
but also for iron, which so easily rusts in damp air. 

People gazed there with admiration at handles of knives, and rifle sto^u, 
adorned with the finest and most artistic reliefs* at opera-glasses, and a thousand 
other optical instruments, or articles of cabinet ware, which were foimerly quu> 
ufactu{cd of ebony or buffalo's horn. There were also exhibited richly gilt pieces 
of fnrniture, wrought entirely of this new material, as well as article.-^ of vertu 
set with genuine pearls, and various utensils ornamented with (Jhiuese paintings. 
We observed further musical instruments, such as violins, clarionets, and trum- 
pets. Whenever we visited the exhibition we could not refiain from admiring 
the exercises execuled on one of those trumpets, shortly before the close, which 
was indicated by the rinp;ing' of all the bells contained iu the building. To 
m^ike the contents of the whole collection more complete, we must add candela- 
bras, an electric machine, very flexible whips and canes, surgical instruments 
<tf every kind, powder>hom8> various seals, printing^ type, spools, shuttles, 
slates. Large sheets of hard caoutchonc* destined for the plating of ships* 
attracted particular attention. The low price, the slight weight, and the inde- 
structibilify of this new material will eoon entirely supersede the now usual 
copper plating. At Havre and New York the new method of coating vessels 
has already been tried in the dock-yards of most prominent ship-buildeis. 
Ships have safled from both ports for long voyages* ana nobody doubts that on 
their return the theory will be confirmed by expenence. At Plymouth, England, 
on the propositicm of Mr. Foister* of the royal navy, the outsides of plaok are 
coated witii gutta-percha. 

iS'either was the art of printing forgotten iu this rich collection A thick 
quarto voltaiM contained the history of Uiat branch of industry on which we here 
comment. The leffves challenged destniction by water, being made of vulcan- 
ized caontchouc, as the elegant binding was of the kind designati d as vulcanite. 
It is greatly to be regretted that tlii.s invention was made at so late a period ; 
made earlier* it might have saved us many treasures of antiquity. The deluge 
itself would have &en powerless to destroy such written monuments. 

Of the articles of vulcanized caoutchouc cont<ilned in the American division 
we must chiefly mention, besides toys already alluded to, maps, a great variety 
• of water-proof articles of dress, water-proof militaKy tents, and very carefully 
worked pontoons. 

Young a.-i this branch of industry is, it has already achieved wonders. Not 
content with alleviating the sufferings of man* gladdmiing the heart of ehOdien, 
and saving from floods the manuscripts of anthers in the archives of nations, 
it continually seeks new paths for its progress. Side by side with the neatest 
lirtle shoes that would have graced the feet of a Chinese lady, there could 
he seen gigantic boots, reminding one of seven-miles boots of the fairy tales* 
as w^ as specimens for the most varied deformities of the human foot A 
eertiun kind of shoes and boots at first observation appeared a perfect riddle, 
bat their distinctive feature was explained to consist in ventilating appliances. 

The manufsctore o£l hard caoutchouc is also extensive in Jfrance, owing 
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cbifflv to the euterprising spirit of Charles Morey, who, having bought of 
Goody ear the exclusive privilege of the use of his invention for fifteen years, 
iuw Bbared it with muay others willing to pay for it. Thna the French^Axneri- 
csn Company, which owns a large factory at Beaumont, in the department of 

Seine et Oi^e, posscspcs the exclusive right of mamificturing combs, for which 
production the first clavss medal of the French exhibition was awiirded to it. 
The French company, which has {ketones at LiUe and St. Dennis, hat) the ex- 
diuf^e right of manufiictiiijjig hmdleB of knives and other entlerj, whfle the 
Goodyear company has alone the right of {nreparing all hinds of hard ( a utehotus 
substitutes for whalebone in its various ajrplicatinns. Other privileges are 
similarly distributed, Charles Morey himself lately foniHled a factory at Melz, 
which produces a numberless variety of articled of caoutchouc;, as well as gutta- 
percha. 

The chaotic Tvrie^ of articles mannilictaied in France of comnion or Tiiloan^ 

iced caoutchouc and gutta-percha is almost bewildering. Elastic teztnrea of 
every description, (silk, linen, cotton,) elastic stockings for persons suffering with 
the gout, gaitera, garters, suppenders, drawers; elastic bauds, cords, belts, 
telegraph wires; aprons, window shades, carpets, gloves; stopples, bungs/diviog 
apparatus, lifb-hoats* hathlng tnhs; mattiesses, piUows, tents; nnmberless articles 
for hunters, fishers, travellerB, and photographers ; utensils for the preservation 
of acids, bottles of every kind, cases, balloons, doll-heads, spinning cards, hurdles, 
troughs, pumps, umbrellas; these, and a thousand other olyectfl, WCTd shoWJl at 
the Paris exhibition in the moat charming disorder. 
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COMBUSTION OF GUN-COTTuN AND GUNPOWDER • 

mSDEB CIRCUMSTANCES ANALOGOUS TO THOSE WHICH 

OCCUB m PBACTICE. 



BY UBOTBNANT YOlt lUBOLYI.* 



MCPBUITXD FROM TOS PHIlolbFBICAI. MAOAZUiK 09 OCTOBXR. 1863^ W|Til BPIABga Bt DR. B. I, CBAXO. 



The gun-cotton mamifactTired according to Major General Frciher von 
Lenk's method at Hirtenberg, near Wiener Neustadt, has, in consequonce of 
special previous experiments, been used by the Genie corps for mining pur- 
po668» and notwithstaDding the fiwt that there are still numerons difficulties in 
the way of its use for gun chargee* it is also used bj the Eoyal Imperial Ar- 
tillery for hollow projectiles. 

The iirt^t-riKiUtioued iit^e led the Genie; committee, to wliich I bclon<]^, to 
cause expci imeuta. to be made which are calculated to give greater insiglit into 
^e chemical deportment of this substance. Among these is the attempt to 
ascertain the products of combustion of the gun-cotton produced in Hirteu' 
. berg ; and in the conrBe of the investigation it seemed advisable to extend the 
meUiod I used to gunpowder. 

I. — ^ANALYSIS OF THB PRODUCTS OP COMBUSTION OP GUN-COTTON. 

The rapid deflagration of gun-cotton, and its necessm y companiment, tl;ifi 

bnrsting action, prevented me from using in the analysis of the prodncts of 
combustion the excellent method which Prolcf^.^or Bunsent devl.sed for obtain- 
ing the combustion products of gunpowder for the purposo of analysia. It 
was necessaiT to effect the combustion in meuot and for this purpose I used a 
eudiometre about a metre in length, in which, instead of two wires* as in the 
ordinary eudiometre, a single very thin platinum wire was drawn across. To 
this from 15 to 20 milligrammes of gun-cotton were affixed, the tube filled 
with mercury, and the Torricellian vacuum produced in the usual manner. 
By means of a galvanic battery the wire could be ignited, and hence the, gtin- 
cotton exploded ; thereupon all eudiometrical operations were csnied out in 
the tube in the usual manner after a preliminarj experiment had shown that 



*' r.anslatcd from Poggeadoiff*s Aaaalm, AfoH, 1863» lii^ Dr. Atkliuoii, "RoyaX MiUtsiy 

Coliege, Sandhurst. . 

tPhiL Mag., vol. XT, p 489. . * 
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the gas produced in this nuumcr consisted of nitrogen^ binoxido of nitrogen, 
cark^nic acid, carbonic ozide» nuursb gas, and aqneoua rapor. 



Volome. 


Pressure. 


Temp. 


Vol. at 0° 






and In. 






o 






0. 1156 


12 


42.37 


415.83 


0.1768 


95 


54.56 


3Hi.eo 


0.1078 


11.2 


37.47 




0. 0850 


10.5 


26. 85 


4H1.25 


0. 2;t72 


12.3 


109. 26 


497.56 


0. 2510 


12. 5 


110.41 


Am. 21 


0.2213 


lh2 


9[\ (>7 


4M. 57 


0. Ib55 


10.4 


7G. y7 


477. 25 


0. 2:wi 


11.7 


105. ;i9 


443.38 


0.1963 


13.6 


.84.C8 



Orijjiual volumo. ....... 

In tbe Rtt'aui bulb 

After absorption of NO*. 

A fur ab-or])ti()ii of CO*. 
Atu^r adiiiiioii ot uir..... 
After additiun of oatygen 

Aitf^r oxiilo^ioii , 

Atter aUsMipi iun of CO^- 

After iidditiou of H 

After expiottiou 



The quantity of !N0* and CO"^ it* obtaiued {Vorn the absorptions, the quantiiy 
of water from tbe increase in volume in the steam-bath ; »the quantity of nitro- 
gen is obtained from the volume 76.97, whicb remains after removing the car- 
bonic acid resulting from tlic combustible gapes*, by subtracting the uncombined 
oxygen MTul the nitrogen contained in the atmo^plirric air added; whib? the 
combugtibie gascd arc calculated from the formuix in Bunsen'ti ga^ometrii; 
metbodt 

Carbonic oxido =Pi ^ — 

Manb gas == ^^^^ ^ 

Hydrogen =P— Pi 

in wbich P Ib the quantity of combustible ga.ses, Pi the carbonic acid produced 
in combustion, the oxygen used in combustion. 
Hence the gases from gun-cotton contain in 100 parts— 



Cuibuiiic oxide 

Carbonic acid 

Marsh gas 

Binoxidc of uiuogen 

Isiirogen 

Cuibuu 

At^ueuus vapor 



By volwoB, 



ByweigliL 




28.92 
30,43 
6. 47 
9.59 
t<.71 

1 . »;u 



100.00 



TEe gun-cotton used bad tbe average composition O^H^^'N^^, from whicb, 
after snbtraciing the rcBults of tbe aniilysis, the separated carbon is obtained, 
whiclj i.-^ irichi(!< tl in the above analysis. 

Thia Himple and apparently fnultles^s nx ilKjd lia.-i repeatedly i<hown th.it, by 
ueiug a somewhat large quantity of gun-cotton undi-r the same circumt^tanccji. 
when therefore tbe combustion take:* place under comparatively greater pres- 
sure, the quantities o£ tbe products of combustion change, and the qUfintity of 
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binoxtdb of nitrogen diminiiihee as ihe pteienre inereeees. Hence the deoxida- 

tion of nitrogen-comjpounds during the eoxnbTistion takes place the more com- 
pletely the greater we work whiim the gan>cot(on has to perform daring its 

combustion. 

This circumstance suggested to me the idea of exposing the gun-cotton 
dttring its combnstion to a determinate resistance, and rcgnla^ so that it just 
gives way at the znoment the gan-eotton is eompletely bomt away. This 
condition led me to the experiment of placing a Teaael filled with guu-cotton 
which ofi^ert d the necessary resistance, in a 60-pr. movtar» which was then ex- 
hauisted and the gun-cotton exploded by galvanism. 

The reaisiLauce of the explosion vessclb must be so choeen that the gas iu 
the mortar, after explosion, has an excess of pressure of half an atmOBpherci, 
in order that it may subsequently be transferre'd to the measuring vessels. 

Tlic explosion vessels which I u^ed were madt; according to the directions 
of the late Lieutenant Colonel Ebuer, and con^i;<ted of hollow cast-iron cylin- 
ders closed at one end, while at the other was a nut through which the ar- 
rangemeikt for a galvanic exjj^osion passes. For this purpose the nnt is pro- 
vided with an excavation in which is a thin platinum wire fastened on the one 
hand to the insulated coppw wire, and on the other to the copper wire which 
ass^s directly thronu'^i thf nnt. Outbid'' the cover the wires are bent into 
nots, which, aB previously mentioned, serve to support the cylinders and to 
complete the voltaic circuit. 

Tiie weight of the gon-cotton whose gases shall fill the exhausted mortar 
of 5,216 ouI)ic centimetres contents bo that there shall be the tension above 
mentioned, I have empirically determined, and find that it is 10 grammes. 
The tact that 10 grammes of cotton Bomewhat cninpreesed occnpy a .><pace of 
10^ centimetres iu length and 2 centimetres in diumcicr, determined the inter- • 
nal dimensions of the cylinder. The thickness of the sides of the cylinder 
was also obtained from an empirical experiment, which showed that with a 
thickness of 8 millimetres the cylinder just exploded with production of flame, 
and that thus, in accordance with the condition stated, the gun-cotton bums 
away the moment the cylinder burst. 1 must here mention a peculiar circum- 
stance which attracted my attention in determining the thickness of tl^ side 
of the cylinder* and which serves to characterize guu-cotton. For the above 
investigation I successively filled with gun-cotton cylinders 4, 6, and 8 milli- 
metres thick in the side and exploded them in a hole. Ahlinn'j;h tin cylinders 
of 4 and 6 millimetres in lhickne»y contained comparatively a larger charge, 
the pieces produced were considerably larger than thoi^e of the cylinder 8 mil- 
Umetzea in thlflkness. The former were cnen only split lengthwise thdr cover 
and bottom remained nndianged, whUethe pieces of the cylmderof Sailti- 
metres in thickness were scarcely larger than hazel-nuts. 

The above bursting vessels might also probably be conj*tmeted of glass. 
Very strong, thick glass tubes are taken, and at each end corks cemented in, 
one of which has been provided with a galvanic conduction and the small 
platinum wire. The length of the veseels and the thickness of their sides 
eould then be regulated by the quantity of gas and the desired resistance. 

The qualitative analysis of tlie products of the combustion of gun-cotton 
under the circumstances described gave carbonic oxide, carbonic ;icid, nitrogen, 
marsh gas, and a trace of a sulphurous gas, (probably a bibuiphide of carbon 
compound,) which, from its small quantity, escaped analysis and could only be 
detected by thie smelL This probably arises from a small trace of sulphuric 
acid adhering to the gun-cotton, which either was not removed in washingi or 
by 8ubseq,uent treatment with potash remained as sulphate. 
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The quantitative gaa aualy tiid was xoade accordiug to the folldwing plan : 

Ahtorption tmalynt. 
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Tlie quantity of carbonic acid obtained from the absorption analysis 
= 19.13. The nitrogon found by known mctliods is 11.37 vohunc. The 
combustible gases aie determined by the formula already mentioned in the 
case of the analysis in the Torricellian yacuum, as 

Oarbonic oxide =pj_?&Z=?= 26.01 



2Pa— P 



^6.51 



^ - 3 

Hydrogen =P— Pi = 2.83 

in which P= 35.36, Pi= 32.52. P2= 27.44. The gun-cotton uaed in the 
analysis corresponded to the formnla C^H^'^K)^f firom whieh the water wUdl 
caimot be'direetly determined, as well as the elimixiated ehaieoaly may be found. 
Hence the miztnre of gunrootton gases eonsists of-* 
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Am pifevloiiftlT mentumed* the bunting tomIs were filled with 10 grammes 
cf tatUatt w1iMMi» bj on aocnrate meaBuremeat* was found to yield a quantitjr 

of gas of 5,740 cubic centimeti-ea at 0° and 1 metre pressure. The contents 
of the mortar at 16° and 0.7382 metre pressure amounts to 5,292 cubic centi- 
metres i lk& ([Uttulit/ of gas issuing at ibis pressure amounted to 2,939 cubic 
eentimetres ; bence 10 grammes gun-cotton yielded 8,231 cubic centimetres at 
16** «tfd 0.7382 metie peesiire* If the qaaatity of gas is ealcolated from the 
results of the analysis it is found that 10 grammes of gun-coiton yield 5«764.18 
of gases, which sufBcieiitl j agrees with the quantity actually fouud. 

(Vjmparinf^ the rp«iilts of the above described aualysia with those of the 
auaiysis in the Tornccilian vacuum, it is I'ouud— 

(1.) That the gases in both cases an combustible from the large quautiiy 
of carbonic oxide they- contain. 

(2.) That the gases producod in vacuo contain a con.-^iderable quantity of 
binoxidii of nitrogen, wuile by burning gun-cotton under appropriate roBist- 
apce, the nitrogen compounds are deoxidized in favor of the carbon in marsh 
gas and of the hydrogen, by which an iocreaae in the carbonic oxide, carbonic 
meadt waterr and n separation of ftoe hydiogen* are caused* Hence it follows 
that the red gun-cotton vapors can never ocenr if the entire gun-cotton is burnt 
»way at the moment in which it begins to overcome the resistance ofT'en d to it. 

These facta have a practical appUcation in the use of gun-cotton to mining 
pm-poses, 

II. — ANALYSIS OP THE PRODUCTS OP COMBUSTION OF UUWlfOWOJiB. 

After finding that the combustion of gun-cotton under circumstanceF re- 
sembling those which occur in mines is of decisive influence on the prodm t.s 
evolved, it appeared desirable to investigate the combustion of gunpowder 
imder similar circumstances. Unfortunately, since my investigations had a 
spedficallj militaiy object» I eonld onl^r analyse the Anstmn small-anus and 
ordnance powder; hence only a saperfieial comparison can be in.stitnted with 
tiie results which Pjio&ssor Bnnsen obtained with freely burning sporting 
powder. 

The combustion of the gunpowder was effected in the ezh&used mortar in 
the same way as the combustion of the gun-cotton, with the exception that, on 
account of the smaller action ol the powder, and in order to obtain as large'a 
quantity of gas, the exploding vessels had to be huger, but with thinner sides 
than thoHe in wln'ch the gmi-cotton was" exploded. The excAvatiou in the 
cores was tilled with meal powder. 

The compositiou of the two kinds of powder used for investigation aie ob- 
tKbed from the following- aaalysiBs 

Ordnatux jMneder,-'''4Ml87 grammes gave 3.3562 grammes saltpetre and 
1.1923 gramme of a residue insoluble in water. Bisulphide of carbon dis- 
solved 0.5823 sulphur. The remainder was charcoal. 

Small-anns jMtwiLcr. — 8.8653 si^ii^ui^s cQUtained 6.8408 saltpetre ; the resi- 
due of 2.0245 grammes contained 0.765 gramme sulphur, and there remained 
1.2595 gramme of charcoaL The organic analysis of the cluuooal» car^ully 
freed fr»m saljihar, gare— 

Far o^dmwx j^owder. 

Carbon 81.200 

Hydrogen 2.86t> 

O^gm - • V ... .V \zjm 

Ari» , ^ 8^6 



15 • 



100.000 
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ft 

For tmaU-artfU powder. 

Carbon 82.90 

Bvdrogen 2.99 

Oxvgen - 12.14 

Ash 



100.00 



Henoe tlie percentage compoeidon of both tlieee kinds of powder is as 
follows s 

Ordmanee fowder* 

Nitrate of potasli 731^78 

Sulphur 18.80 

! Carbon lOSSj;* 

Hydrogen 0.38^ 

Oxygen 

Ash...., 0.31 



Chavcoal .. 



loo.oa 



SauUl-amu powder* 

Nitrate of potash 77.15 

Sidphar 8.63 

C Carbon 11.78 

Chawoal.JS^^'^'S^" 

viiwv«A 1 0xygen 1.79 

f Ash ^...^ 0Je8 



100.00 



The eomposition oi the powder analysed by Bonsen and Schischkoff 

Nitrate of Potash — i . . . 78.99^ 

Sulphur 9.84 

C Carbon .« 7jQ^ 



Charcoal . . « 



Hydrogen 0.41 

Oxygen 3.07 . 

Ash 0.00 

100.00 



For the qualitative analysis of the prodncts of combustion, two cyUnders wore 
fiUed with the two kinds of powder, made air-tight, and sueeMSiTely exploded iff' 
the mortar in the manner described. 

For both kinds there were found in the solid residue: (1) sulphate of potash, • 
(2) carbonate of potash, (3) hyposulphite of potash, (4) sesqni-earbonate of > 
ammonia, (5) snlphur, (6) charoiMil, (7) sulphide of potaasium. The lattery ^ 
hi the case of the small-arms powder, was only formed in very small quantities. 

The gaseous products of combustion were: (1) nitrogen, (2) carbonic acid, (3) 
carbonic oxide, (4) hydrogen, (6) sulphuretted hydrogen, (6) marsh gas, and 
a very small quantity of a bisulphide of carbon compound, which was tUstinctly 
recognized by its odor as bemg that produced m the gases ftom gon^oottoiiA 
The whole miztnze is colorless, and contains no fume or vapor. 
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(a) Ordnanrr 'powder. — For the quantitative detcriomatiou of the products 
of combustion grammes were used. 

The gas jiasBed intotluee absorption tuboB amonnted to 75.3 cubic centimetresi 
the gas issuing from tbe mortar until the rest was under the- atmospheric pres- 
sure amounted to 5480.7 cubic centimetres at 16° 0. and 0.749 metre pressure; 
UTulor those circumstances the raortar holds 521G cubic cr'ntimetres j h< ncc the 
above quantity yielded 7621.96 cubic centimetrefi gas at 0° and 1 metre pressure. 

The absorption analysis produced— 



1 


VollUM. 


FreMture. 


Temp. 


Voi. ttt OO 
and 1 metre 
pressure. 




90.73 
53.71 


0.6028 
0.5705 


o 

16.2 
14.3 


51.63 
29.12 



From the estimation of the potash bulb with iodine solution, it followed that 
the sulphuretted hydrogen coirespondcd tn 0.4i divisiOB. Hence the above gas 
oendsted of 0.44 vol. sulphnietted hydrogen, 32.07 carbonic add, and of 29.13 

nitrogen and combustible gases. 

The cxplosiou analysis of the gas fi*eed from sulphuretted hjdiogen and car- 
bouic acid and transferred to the eudiometer was as follows: 











Vol. at (P 




Yolune. 


P^MSiiie. 


Temp. 


qsd 1 metm 


♦ 








pressuie. 




113.26 


0. 2729 


o 

15.6 






183.36 


0. :UU4 


16.8 


60. 31)- 




204.32 


0.4295 


16.4 


7A.79 




185. 62 


0. 3522 


15.4 


61. 8» 




107. 90 


0. 3476 


15.1 


55.31 




2-->4. 07 


0. -1003 




86.30 




166.38 


0.3355 


15.7 


52.79- 



By applying the formula} of the ga?ometric methods already mentioned iu. 
the analyrti^i of gun-cotton, since the gases arc qualitatively the same, the values 
are obtained, for carbonic oxide =5.21, hydrogen = 3.03, marsh gQ&==:1.3di 
and nitj:ogen= 19.18. * 
Hence the total gas calculated for 100 parts counted of — 



Vols. 

Carbonic acid ; - 421.74 

Sulphuretted hydrogen . 0.8<> 

Carbonic oxide 10.19 

Marsh gas 2.70 

Hydrogen # 5.93 

Mitiogen 37.5» 



100.00 



The determination of the Bolid residue in the mortar "was effected, after rrmov- 
ing the gases, by digestion with water^ which was drawn off throi^h a tap iii 
• tbe bottom and rapidly filtered. 
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The results of the aatiytm were as follows : — 

1. Sulphide of pof^sitiym, — The entire filtered liquid was digested in three 
large boiling- flasks with well-ignited oxide of copper, thereupon .filtered, and 
the residue dissolved in I'uming nitric acid. Treated with nitrate of bary ta, 
i% gave 0 gtammes of sulphate of haxyta, which conesponds to 0.0478 
grammes sulphide of potassium in the lesidae of 36.8366 gfammes powder. 

The liquid filtered f rom the oxide of copper was made op to 6 litres for the 
sake of further investigation. 

2. Carhanic acid. — A litre of thia liquid gave with nitrate of silver a pre» 
cipitate of carbonate and sulphide of suver. Treated with ammonia, the eaz<- 
bonate dissolyed* and was separat(^(l from sulphide hya weighed filter, and pre> 
cipitated in Uie filtrate as chloride of silver by means of hydrochloric acid. Its - 
weight amounted to 3.0475 p;rammeH, which correspoiirl^ to 0.4(587 grammes 
combined carbonic acid ; hence in the entire residue there were 2.8126 grammes 
combined carbuuic acid. 

As a contKolf the catbonie add was determuied hj chloride of manganese by 
mixing a litre of the liqiud with.a solution of this salt which had been jjreviously 
fused; a proc'jtit ire of carTintintc of manganese was obtained, the carbonic acid 
of which, determined in. the usual manaw* corresponded to 2.8337 gramme^ 
in the entire residue. 

3. Hypontlphite of poitaih.^'Shib sulphide of silver (2) weighed on the tared 
filter, when &cd at 120'=', 0.22C1 grammes, whieli corresponds to 0.1733 
gMMWu^ m hyposulphite of potash ; hence the entire residue contained 1.0400 

gram 111 hvi'OrJjdphite of potash. 

A dutcrmmatiou ot the hyposulphite was also made by metrical analy- 
sis. A litre of the solution was acidulated with acetic acid, mixed with 
Starch, and detennined \sf means of a standard solution of iodine. A litre 
lequhcd 22.57 cubic ecDtlmeties iodine solution; henee^aecoiding to the fonnnla 

s:==a'^^^^— — t, m which ^=22.57, tf =-0,000617; this Htre contained 

• 0.17 4G grammes hyposulphite of potash, and the entire residue 1.0476 grammea 
of this salt. 

4» SnqmavtbonaH ef^ imifMiit(bp--Aecordin«r to Bunsen's mediod, a litre of 

the liquid was boiled witb^ eaustic potash, the distillate passed into a solution of 
hydrochloric acid of known strength, and the hydrochloric acid which Ind ivrt 
been cbangi^ to chloride of ammonium determined with a stwadard iiuiiEi juia 
solution. I found o =0.04853, the quantity of hydrochloric acid taii-eiij. 
4= 19.87, the numbeor of divisions of an ammoniacal liquid which would 1isf9 
■flituiatied a Tslume of hydrochloric add equal to that taken with t'=41«3d 

divisions of the buiclle. U smg the formula x=. ^jj^jj i-^^ -^^^ I found 

in the \ litre the seisquicarbonate of ammonia to be 0.04127 ' •rramme; hence 
0.9908 gramme corrcispouds to the entire quantity of ses^uicarbouatc of ammonia. 

5. Carbonale of ^o^A.— Subtiaeting the carbonic acid in the sesi^uicarbon- 
ate of ammonias 0.5541 gramme from the total quantity found (2),ssS.a337 
grammes, there xemaihs a quantity corresponding to the carbonate of potaA 
r=: 2.2706 ^ammcs. Henoe the entire residue contains 7.1488 yymiftft cai^ 
bonate of pota.sh. 

6. Sidp/uiie of polask.-^A litre of the liquid mixed with chloride of barium, 
gave 3.0944 gmumes salpliste of barytai wnich corresponds to SJ8683 grammea 

\ sulphate of potash for one litie of liquid, and 13.6100 grammes for the whole 

residue. 

7. Potash — ^To determine the entire quantity of potash contained in the 
various salts, a litre of the liquid waa carefully evaporated to dryness with sul- 
phuric acid and ignited m> platinum vesseL 3JBM6 gnnmnea of sulphate of ' 
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potash were tlma obtained, corresponding to 2.0786 grammes of potash. Hence 
100 grammes <»f ordnance powder contain 33.85 grammefl of potash, whtclk 
agrees closely with the result of tlio direct aaalyBiB of the powder. After find- 
ing, by direct observation, that 3G.8366 grammes of the powder fnrnislicd 
7621.9 cnbic centimetrojs of gas, the composition o£ the products of combustion 
of this powder may be stated as follows : — 



Sulphate of potash 13.61 

Carbonate of potash • 7.14 

Hyposulphite of potaah 1.04 

l^nlphide of potassium t 0 04 

Charcoal 0.94 

Bttlphur 173 

S f] 1 n c 1 rbonate of ammonia 0.99 

Kitrogen 3.60 

Carbonic acid ' 6.40 

Carbonic oxide 0.97 

Hydrogen 0.01 

{Sulphuretted hydrogen 010 

Marsh gas .' 0.ir> 

Losa 0.07 



36.82 



in which snlphucand charcoal aie calculated from the deicieikC7. 

(bj SmoiR'Qinm pomier.^^iAS^ grammes were used for Ac combustion. 
1^ quantity of the ^aaeoos products was obtained firom the following gato- 
metric experiments < 



Absorption, analysis. 





Yolnaiet. 


Pro— ore. 


Temp. 


Vol. at OO 
aodl metre 
prewnre. 




94 
75.04 


0. 6331 
0.5024 


o 

22.1 
21.9 


80. 21 
4U. 46 



If the Bolution of the potash-bulb determined with solution of iodhi it 
is luuud that divioiou corresponds to sulphuretted hydiogeu, from which 

H follows that the above quautu^ of gas consists of— 

Carbonic acid 

Sulphuretted hydrogen 

Combustible gases and nitrogmi 



39.22 
0.53 
40.40 



80.21 
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' The exploikn antljuiB with Ui» tmn 

u-.: ■ .■ ■', ...... .. 


• 


















Yohime^ 


Pvegson. 


Tepip. 


and 1 metre 










piessiure. 


After addition of H 


120 12 
198. 51 
230.33 
2(1). 14 
189. 46 
26!.0-i 
J74.2U 


0.3432 
0. 4263 

0. 4178 

0. 4:i'^:? 

0.4-27L1 
0. 4.-il7 
0.4130 


o 

20.4 
20.3 
20.5 
19.6 
21.0 
21.2 


38. 36 
78.77 
95.89 
81.47 

7::.. 23 
llG.(i6 
iil.-ii 



If the fonaoln previouslj used be applied, we ge^ 



Carbonic acid - = 3.9^ 

Hydrogen = 5 24 

Mar.'ih gas ....••..............•.••••....•.••••••«•••••••••..== 2.29 

Nitrogen - - == S6.8d 

Hence iho smaU-anns powder contains in 100 volnmeB* 

Caiboiiic acid 48.90 

Bulphuretted hydrogen * 0.67 

Carbonic oxide 5.18 

Marsh gas 3.02 

Hydrogen 6.90 

Nitrogen 35.33 



100.00 

The solid residue in the mortar was treated with hot water and the liq^uid 
filtered* No Bnlphide of potassttim was found to be present The analysis 
was exeeated in the same manner as with the ordnance powder. 

From the results of this analysis and from those of the gas analysis, direct 
measurement having shown that 34.153 grammes of ordnanco i)Owdrr irive 
7,738 cubic centimetres of gas, the following scheme for the products of com- 
buation of the ordnance powder may he given : 



Hulphate of potash 1 2.354 

Carbonate of potash 7.096 

Hyposulphite of potash » 0.605 

Charcoal 0.887 

Sulphur 0.397 

Se^quicarbonate of ammonia 0 908 

Nitrogen 3.432 

Carbonic acid 7.442 

Carbonic oxide ....^ 0.504 

Hydrogen ^ 0.047 

Sulphuretted hydrogen 0.079 

Marsh gas 0 167 

Loss 0.235 



34.158 
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The results hitlierto obtained for the products of ct^mbuBtinn of both kinds 
of powder may now be compajred with each othert and also with thoee obtained 
bj Bnnaen and Schischkoff in the analysis of sporting powder: 



Sporting 
powdar. 



SiDall-sniis 
powder. 



Ordnanoe 
powder. 



Nitrate «f potash 

Solphnr 

r Carbon . .. 

Charcoal. J S^^"'^^ 



78.1)9 
U. K4 
7.U9 
0.41 
3.07 
0. 00 



77. ]5 
8.63 

11.78 
0.42 
1.79 
0.88 



100.00 



moo 



IX 78 
12.80 
10.88 

0. 38 

1. m 

0.31 



100.00 



41. IS 


35.33 


37.58 


52. G7 


46.90 


43.74 


3.88 


&18 


10. 19 


1.21 


6w9U 


5.93 


0.60 


0.07 


0.86 


0.82 








3.0i2 


8.76 


100.00 


100.00 


100.00 



Nitrogen ...... 

Carbonic acid ....... 

Carbouic oxide........ 

Hydrogen 

fihupharetted li> drogen 

Oxypen 

Musb gas 



ni. — Toktl proimsU nf eomhtttiom by wight. 



Sulphate of potash 

Caroonato ot' potash ........ 

llyposulphite of potash . 

Su^i liMi -if potassium 

Saipkucyanide of potas&iuxn . 

Nitrate of petaah.:. 

Chill ^'1 '111 . 

Suipuur , . 

8eBquicaxiiiaRkAfte of ammonia. 

Nitrogen 

Carbouic acid 

Carbonic oxide............. 

Hydrogen 

Sulphuretted hydrogen 

Oxyffcn - 

gas 

' ~ ^tj of gu for a gramme of powder. 




42. 27 
12.01 
3.27 
2. y.i 

0.30 
3.72 
0. 73 
(>. 14 
2. H'o 
0. 1)6 
20. 12 
0. 94 
0.02 
0.18 
0.14 



36. 17 
20. 7d 
1.77 



2. <iO 

1. If) 

2. CS 
10. UO 
21.70 

1.47 
0. 14 
l». 23 



0.49 
0.68 



100.00 
190.00 



100.00 



30. 9,'. 

19. 4(1 
2. H5 
0. 11 



2. 57 
4.09 
3.68 
0.77 
17. 39 
2. 04 
0.11 
0.27 



0.40 
0.19 



100.00 
800.91 



A comparison of these results shows at first si^ht that, on the whole, the 
pvodncts of combustion of powder are little dependent on the manner in which 
the combustion takes place. But that the composition of the powder has a great 
inliuence, is seen from the fact that in Bunsen's powder, which contains much 
nitre, neai'ly 4 per cent, of this substance are found in this residue ; while, on 
the other hand, in the residue of the ordnauce powder, which contain less nitre, 
almost seven per eent. of sulphur and diarcoal are separated nnbnmt. The 
Inflnenee of the composition on the nature of the products of combustion is still 
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more siuproiiig. Where the reducing bodjr preponderates, the €omSii8ti<m of 

the carbon is more imperfect. Whereas the gases of sporting powder otJy con- 
tain three per cent, of carbonic oxide, the gas from ordnance powder contains 
nearly ten per cent. I'iie quantity of hydrogen and of marsh gas increase in 
the same direction, so that tlic ordnance powder gas contains nearly twenty per 
cent, of combaetible gases. Hence it is not sorpri ^iug that the gases of ordnance 
powder, as well as those of gun-cotton, maj be ignited, as direct expeximent 
showed, by a glimmering piece of wood. 

Th('re might apparently be no difficulty, from the results of tbef^e analyses, 
in» arriving at a right composition of powder; yet in this respect practice pre- 
fers its own empirical path. Bat In anj^ case tbe results obtained senre as an 
additional proof of the inaccniacy of tbe view which prevails in manv cbemieal 
text'books and in almost all artillery institnU ons ^- t hat powder most decompose, 
in burning, into sulphide of potassium, carbonic acid, and nitrogen, If practice 
has no other reason for the composition of powder than tlie pot^Bibility tliat 
these products may occur, it is certainly allowable to attemjjt to prove experi^ 
mentally that the products of combnstion, even under the circumstances wnicli 
prevail in practice, can never be formed alone, and that, indeed^ one of them^ 
sulphide of potassimn— in many cases is not formed at alL 



DB. CRAIG'S BBMABKS. 

It will be seen from tbe foregoing that Lieutenant von Karolyi burnt gun- 
cotton under two conditions, and determined for each the composition of the . 
resultant gases. In tbe one case he ignited a small qusntity by means of a 
voltaic current in an eudiometre which had been exhausted of air by the 
Torricellian method, and in which, consequently, the cotton biimed under very 
small pressure. In tlie other, an iron cylinder was filled with gun-cotton, 
placed in an exhausted vessel, and ignited in a similar manner, so tbat the 
combustion went on under pressure until the enclosing tube was broken. 
This increase of pressure was found to give rise to a modification in the com- 
position of the resultant gases; and, for purposes of comparison, the results 
in the two cases may be expressed in chemical symbols, with numbers affixed} " 
which give with soddcieut accuracy the relative amounts in volume. 



Gm produced. 


pressure. 


Bamiog imder 

pressure. 


* 

N , 


85 

m 

\ 235 
190 
90 
110 






CO 


CO, 


NO, 


CHa - 


■■■■■■^^ 

30 


H 







The interesting exjieriments of ^Ir. Abel on tiie combustion of gun-cotton 
in the receiver of au uu pump exhauiited to different decrees point to the con- 
clusion that, in burning, gun-cotton is decomposed by the action of heat into , 
certain products, among which aj|e the binoxide and some of the higher oxides 

of nitrogen, and a large quantity of combustible gases. These gaseous pro- > 

ducts react on each othf^r witb tbo disappearance of the oxides of nitrogen and 
the production of new compounds if their temperature is maintained above a : 
certain point, but if they are allowed to expand into a vacuum as lost as they 
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are generated tbey cool »o that their mutual aciiuu is preveuted. The amount 
«f reaetioB between the fmt pvuduets of deeompoBition will depend on their 
temperBtOK and on tha time during which thej are muntejuied at that tem- 
pera ture. 

The experimeDt of bursting a loaded sLdl cannot be said to prcseDt the 
same circumstances as those which prevail when the explosive material is used 
in a fire-arm; &r, in the first place, that part of the charge which burns after 
the mptnie of the ehell and toe eensequent expansion of the contained gaeea 
does not burn under pressure; and, in the second place, the products even of 
that portion of the combusti on wliicli .lutecedes the rupture of the shell are 
not kept together at a hij2^h t<;mperatare iis long a.s they are in th<' Itarrt l of a 
gun. if the cylinder U3ed by Lieutenant vou Kiirulyi had been ol such 
Strength as to resist bursting, and the gases nave been aUowed to escape into 
4im ezfaansfted Tassel through a small vent, the circnmatances would have been 
more nearly approximated to those wliich occur in practice with fire-arms. 

For the purpose of determining what is actually produced in the case of the 
firing of a gun, the most satisfactory plan would seem to be to screw the miu- 
sles of a number of loaded mnsket ban^ls into » sufficientlj strong and air* 
tight Tessel, and, their vents being seenieljr closed and the whole apparatoa 
ttliaiisted by the aSr-pWDPi to fire tJiem in succession by the galvanic current, 
and then examine tbo pfodwts aecerding to the method foUoirod hj Lieutenant 
von Karolyi. 

• In the barrel ut' a gun, especially when loaded with a heavy projectile, the 
products of eombustion lessain under piesanre and at a high temperatarn fi»r «t 
comparatively long time, and the products of the ez^osion of LitfUtenant yon 

Karolyi's cylinders arc such that, under these connitions, we would expect 
them to decompose each other. Thus in the case of gunpowder, pnlphate of 
potash was produced, together with uucousumcd charcoal, sulphur, aud yarious 
■ eombustible gases. Now we know that sulphate of potash, kept at a red heat 
•fai contact with such reducing agents, will part with its ozygen* smd be con* 
verted into the sulphide. 

Lieutenant von Karolyi finds mere traces of the gulphide nf potassium 
among his products, but, on the other hand, the residue h;ft in iliti barrel of a 
fire-arm after its discharge is found to consist mainly of this salt. This cir- 
cumstance does not show condnsively that sulphide of potaasinm is the diief 
solid product of the explosion, for it may have a special tendency to aocnmn- 
late on the walls of the gun, being dejinsited on the cold metal from a state of 
vapor; but the amouut of its deposition makes it probable that it constitutes 
no inconsiderable proportion of the products of combustion. 

Some- jeais ago Captain Bodman made certain experiments, In the cmtrse 
of which he exploded gunpowder in shells of great strength, which had in 
them small vents through which the resultant gases could make their escape ; 
this escape, however, requiring a measurable length of time. I obtiiined, by 
the kindness of Captain iiodman, some of the solid residue left in the shell 
af ter these explosions j but, when it reached me, it was in a moist and deli- 

Suesoed condinon, and had i^oarently suffered decomposition by expoenie to 
le atmosphere. When actea upon by dilute hydrochloric acid it ev^ved ft 
large amount of carbonic acid gas, and when trcntfvl with distilled water and 
the liquor filtered, small precipitates only were produced by acid solutions of 
chloride of copper and of chloride of barium, so that but little sulphur was 
present either as sulphide or as snlphate. The only way in which I could 
account for«B<ieh a condition of things was by supposing that the mass had 
originally contained sulphur in combination as sulphide of potassium, and that 
tbiH. by the netion of the moisture and carbonic acid of the atmo8phere« had 
been transformed into carbonate. 
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In eomparing the reinlto of the eombnstioii of gtm-cotton in irith 
tiiose produced by the explosion of an iron cylinder filled with it, it will bepei^ 
ceived that the change from one Bcrics of products to tbe other involves an 
increase in the volume of the evolved gases — an effect due chiefly, but not 
wholly, to tbe beat produced by tbe chemical reaction between tbe nitric oxide 
generated by the first act of combustion and the earbnretted hydrogen pr^ent 

When gtiii-eotton» thereforet bnniB in a suffieientlj Btnmgaiui vdl*iued w 
lel, it is resolved into gaseous prodnets which immediately react on each other 
with an increase in the temperature and tension of their mass, and on tbe Bad« 
denness of this reaction is probably dnc some part of tbe great percasslve fbtts 
dereloped by the cxplosiou of guu-cotton in strong vessdiB. 

I believe that no detem^nation has been made el the amoimfe of ]ieate?oM 
by the explosion of gun-cotton. 

The sums of the heat, and of the mechanical effects representing heat, pro- 
duced by equal weights of gun-cotton and of gi^npowder would not be very 
different if assumed to be proportional to the amounts of oxygen concerned in 
the chemical reactions in each case, but the greater volume of ue gases erohrad 
from gnn-cotton makes their actual temperatore lees and dieir mechanical eflbd 
gteater.'^ 

The much greater heating effect, however, which gunpowder exerts upon the 
gun from which it is fired is to be attributed not only to the higher temperature 
and greater density of tbe pioducti^ of explosion, but to tbe circumstance that 
in the ease of gunpowder suohide of potassium is deposited on tiie walls of the 
enn, proliably fimm a state of vapor, imparting to the ecdd metal both its free 
neat and its heat of condensation, the action being analogous to that of Aeam, 
which, in condensing on a cold body, beats- it much more mpidly than a car- 
rent of a non-condensibie gas of the same temperature could have done. 

B. P. OBAia. 

•It may be here remarked that the comparative mechanical energy developed in fire-aniis 
by fftmpowder and bv gun-cotton is to be estimated not bjr the amount of motion impsited 
to the projectile^ but oy that imparted to the gun. 

These two are dillerent things, and the latter must always be greater than the former by 
an amount equal to the vis viva with which the products of decomposition of the projecting ^ 
agent are expelled fnm tbe gnn, and this vit viva most, of eoturee, vazy with tin weight n ' 
the explosive material. 

This consideration makes it evident why, when a lesser wei|^ht of gun-eotton is snbsU- 
toted for a greater weight of gunpowder, the mei^ of the gun la lees, wlJle tbe velocity of 
the ahot maj be imfthangitil, B. f * 0* 



Digitized by Googh 



DESCBIPTION OF APPAilAi US iOE TESTING 

THE 

fiESULTS OF PEIlSPliUTlON AND EESPIMTION 

IK THE FHT8I0L00ICAL INSnrCTB AT XUIUCH. 



BY numMDK MAX PBTTBNKDniB. { 



In order to determine the quantitjr of oarbonic add and water secreted hy 
idn akin and hmge, varioaa methods have beea proposed. The methods of 
Sdiaxlmg, Yierordt, Yalentm and Bronner, Begnault and Beiset, Smith and 

<>flier;a, with their ro«iiltf', nro pufficiently known to every physiologist and 
chemist. What has hn-ii juetly objected to all methods hitherto applied to 
men and the larger aiiimalti haa been in refereuce esgentially to two considerap 
tipiiB : firatf that the degree of aceaiacy of the methods hii not heea aseer* 
'lidned by teet-ezperiments with known qnantities of carbonic add ; and aeeondy 
that men and animale had been forced to respire under conditions more or less 
unusual or oppressive, and hfncf^ not natural. I have, therefore, for years been 
occupied with the thought oi some method tor determining with suilicieut pre- 
dflion the (quantity of carbonic add which a man devekyps when moving and 
Jusathing freely without the interposition of any appanitas whatever. The 
faivestigations of Bischoff and Yoit in regard to the nourishment of camiyorous 
animals have shown that the carbonic acid pap^ing off through the skin and 
lungt? cannot be Avith certainty calculated from the difference betwccu the car- 
bon taken in with the food aud that eliminated in the urine aud excremcut, 
t^ing into account also the weight of the body, becanse two unknown things, 
carbonic acid and water, escape at the same time and in varying proportious, 
tbronirli the skin and lungs. Since, then, there was a necessity for determiu- 
iti;^' directly one at least of the two quantities, I resumed the atfenipt at a solu- 
tion of the problem. I soon perceived that success was attainable only by 
directing oyer the human body a cnirent of air of meaaqred and constant 
loree, and then detennining the accession of carbonic add and water to this 
current of air. It very soon struck me that something like a parlor stove 
might be adopted as a model. As long as tho chimney draws, no smoke 
escapes at the joints or door of the stove, but the outside air presses from all 
directions into the stove in order to reach the chimney. If an exact measure- 
ment, in the pipe wliicfa conducts the smoke from the store to the chimney, of 
the amount of air which moves in it is posdble } if, forfther, the composittoa 
of the air whicb rnter'j the stove and passes from it can be ascertained from a 

Sortioii of it, then ail the factors nro obtained which are needed in order to 
etermine what admixture the air-current receives from the process of combus- 
tion in the store. In the plan which I deyised the stoye is represented by a 
small chamber of sheet-iron, which I shall call the saloon, placed within a 
larger apartment ; the former being eight Bavarian feet in extent each way, 
with liirlit admitted from the top and through windows on the sides. The 
windows should be cemented aud the walls and ceiling riveted as nearly as 
possible air-tight. The door has movable openings, in order, when uecessa^, 
to lender the admission of air praoticaiUe at other points timn the joints of too 
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door. Oq the side opposite to the door, two openings* one below and the other 
above, lead through two conducting pipes outside the gmall chamber into a 
einglc and larger pipe, through which the air flows towards tliat portion of the 
apparatus which peribrms the functions of a draaght-chimney. This portion, 
which may be placed in another apartment of the house than that in which 
the iron-cnamber staada, consista of two anctton-cjlindera witb binge'ralTea, 
which m&y be equally moved hy a strong dock-woik, with any desired force, 
by means of a Ptaall steam apparatns. The falling weight of the clock-work 
is at each mometit wound up again as fiust as it descends. In this way a con- 
stant current ot air through the door of the iron-chamber to the suction-puiupa 
can be maintained. The air cannot, however, reach the auction-pumps without 
passing through a measuring api^aratus which is in eoaataat operation. Fof 
this, purpose I have chosen a gas-clock, or stationary gas-meter, of such dimcn* 
eions that 3,000 English cubic feet per hour can be accurately measured by it. 
In order to examine a portion of the air which enters through the door and 
other apertarea of the apparatoa-room and passes oat of the same by the united 
condnofeor to the gaa-meter* and fix>m the aBcertalned ditfareoee^ io the amount 
of water and cacbonSc add, to be able to ledum the quantity whidi waiS added 
inside of the apparatus, two aspirators* are employed, which draw nuiformly 
each a c niatantl}'' equal portion of air. 'ilie water of the air i:^, .ifter the 
known method, absorbed by sulphuric acid and weighed; the carbonic acid is 
ascertained hy means of the air rising in iimall bubbles tfar«agfa a determinals 
quantity of lime-water of known strength, and the lime-irater finally is examr 
ined in regard to its amount of quicklime by treatment with dilated OXaliS 
Acid, exactly as T }iave described on another occasion. 

In order hually to be able to test the air which remains behind in the iroa^ 
chamber of the apparatus, a suction and force pump ia placed in connexion 
with the pipe which conducts the air away, by the aid of which flaalcs holdiflf 
mz to eight litres can be filled with air, which can be t^ted in regard tO iH 
amount of carbonic ncid by lime-warer. The same pump serves also to ascer- 
tain, at suitable tiiiies during the experiment, the fluctuations of the carbonic 
Acid iu the air current. In addition to this, there is an arrangement winch »er* 
jnits the making triab, of any number and extent, without suffering any loss 
of air for the measurement of the entire current. A flask is attached air^tfj;^ 
to the pump, the air of which flask is poi-foetly replaced by continued pumpin«^ 
with air from the conductor. The air t'orred from the flask is not allowed to 
escape, but is conducted by an ludia-rubber tabe back again into the current 
which passes on to the gas-meter to a point, of oourse, whomAe^detenninatien 
of the carbonic acid cannot be affected by it ; there is, therefore, a flask of sir 
in^duced below, and in its place a flask of air withdrawn from the apparatni. 
In order that the current of air may «ot discharge any water by evaporation 
from the large gas-meter, the air pa.-^ses, before it enteinj the gas-meter, through 
a standing cylinder filled with pieces of pumice-stone, which are to be kept 
must. Where the air passes out of tite moistening apparatus a psyehromelsr 
is placed in the pipe in order to show the tcmpewtnre and moisture with whitk 
it enters the gas-meter, and id measured. There are also in the conductor in 
front of the moistening apparatus a psychrometer and se^rsl places tor at- 
taching tubes in order to take ont air for exoeriment 

After communieattng Uie plan whidi I ban projeeted to the president of 
ncadanyt Bai-on Von Liebig, and a few other associates in the same branch of 
acienee, I applied to the technical commission of the natural sciences of the 
academy. IJpon a report of this commiasion, accompanied by accurate esti- 
mates of costs, Ilia Majesty granted out of his private purse 4,000 florins for 
the construction of the apparatus. I but follow tiie dictates of my heart, aa^l 

— , ■ ■ 1 ■ ' ■ ' ■ 

* These sifbatots MS new isplassl ty two smsB ysMf% wblahast both byanUmuB^ 

pressurs. 
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wbat wonld be the sense of daty of all wbo deem the pliysiologr of assimOa- 
lum impartaDt* whea> on Uus occasion of making to the aeademy my first 

report of tlic apparatus now completed <au(l tested, I cxpref?s my most profound 
emotioiir? of gratitude to his ^Iaj(?sty King Mux II, oi'Bavariat as the geat^roua 
protector and iutelligeut jjromotcr of the bcieiiced. 

The whole apparatus was pnt up doriii^ this last wioter. Sinoe Hay I have 
oecttpied myself with testing it in eveiy letpeeW and can now deelaie it com- 
plete and entirely satisfactory for the purposes proposed, wliich may be said 
also of all the methods of investigation emplnycd in using it. Unit upoii 
which the whole finally turned was the proof that the amauutii of carbonic acid 
developed in the saloon of the apparatus could really be found again and de- 
teimined with the requisite ezaetneSB, a teat which in all pievions respiratory 
apparatus has been wanting. Afiter I had by vations experitaents ascertained 
all the influences which the apparatus and the methods exert upon the exact- 
ness of the results, I selected some stcariuc caudles of good quality and detcr- 
Buncd their amount of carbonic acid by elementary analysis. They yielded 
taa* the ayerage, after three ooncorriBg experin^ents, f VerhrmmungenJ for 
which the material had always been taken from a different candle, to 100 parts 
by weight, 291 parts by weight of carbonic acid, m that to one grain of stea- 
fine may be co?nputed 1,484 cubic centimetres of carbonic acid, the weight of a 
litre of carbonic acid at 0'^ 0. and 760 millimetres quicksilver pressure being 
leekoaed at 1^87 grammes. If the suctioii-piimps of the apparatns and the 
aspiratora for the luudysis of the ur were in operaSion at the^ sane time* a* 
weighed candle in the saloon was lighted from without and before the close 
of the experiment a-j'Rin cxtingni?hed from without and afterwards weighed, 
the e.irbonic acid formed by th(! burning of the candle must be partly in tho 
air which ha^s parsed through the large gab-meter and partly in that which 
femainB befaind in the saloon. The amoant of carbonic acid in the air which 
goes through the gas-meter is ascertained, as already mentioned^ by passing 
through lime-water as long as tho air tlows and is measured, a constantly equal 
portion (Bay, 100 cubic centimetres per minute) drawn without interruption 
Irom the current which passes from the saloon to the gas-meter. The amount 
of cariionte acid' whidi wmamfl behind in ihe air of tne saloon is deteimined 
in fliia manner: alter a proper mixing of air^trata in the saloon by means of 
-a fan put in motion from without, two or more flasks of six to eight litres, 
filled by the pump at the conductor Iciuliiicr "tT from tlx? saloon, are tested with 
lime-water and an estimate made foiiudi^d upon tho known cubic measure of 
the tiuloou. Not until after these flasks are tilled should tho saloon be entered 
to take ont and weigh the candle. As» hoireTer, the air which has passed 
tbroi^h the gas-meter and that which has remained behind in the saloon con- 
tiiins not only the carbonic acid which arose from the burning of the candle in 
the saloon, but also that part which the air already contained when it entered 
. the saloon from without, the sunount of carbonic acid contained in the entering 
air nnist be deducted. Tliis may be known from repeating the experiment by 
.irfafeh the air flowing In is drawn off and examined m exactly the same man- 
ner and as nearly as possible the same quantity as tliat passing out. Only the 
difference, therefore, of the carbonic acid within ;nid without is reckoned, and 
it is precUely this which makes the determinatiood exact, since all the constant 
errorfi of the system are thereby eliminated. 

' It ia oMons that dl meaanred qnantitiea of mr mnst be redhced, a» i^ards 
ttaaion eS vapor, temperature and air-pressure, to the nsnal standard. 

T do not venture to ask the attention of the reader to all the necessary de- 
tails of the apparatus or of an experiment. I must reserve these and tlicir 
Justification to a more extended discussion in the papers of the technical com- 
^assaion, and talbs^fae liberty hero onl^ briefly to staitey in addition, the xesnlts 
••cif three qtianCftillviB aixpsrtlaMMitft 
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l>uriiig nil cxpeiimeiit vliich laatefl 184 mintitesy grs. of a stearioe 

candle were consumed* wMch must generate 36.921 litres of carbonic acid. 
During the time of tlie experiment 4.9722 litre? of air passed thron^^'l! the ^n^- 
meter. As the difference of the carbonic acid of iliis air and that euLeiiug the 
apparatus from without, there resultSi in place of the above amount, 31.023 litres 
Of eu bonie acid. There were etlU A4»2i8 litres ef carbonic add remaining m 
the saloon^ and hence then was fbnnd 0,6 litre, or 1} per eent» as snrplua. 

II. 

The experiment lasted 215 minutes; 33.776 gra. of stearine caiulle were con- 
sumed, which represent 49.510 litres of carbonic acid. 65.664 litres again 
passed through the gasmeter, together with 41.690 litres of carbonic add; 
8.019 litres of carbonic add remained still in the saloon. Then were^ thesefbie^ 
fbnnd 0.19 Utie of cailNHuc add* or about 0.4 per cent too meh* 

nr. 

The experiment lasted 188 minute^^ 27.5 13 g«. of stearine candle were con- 
sumed, representing 40.298 litres of carbonic acid. 60.680 litres of air passed 
through the ea»-meter, together with 83.347 litrea of earbonie add ; in the saloon 
remained stul Itoea of earbonie acid. There were fbnnd* thezelbre» 0:S77 
litre, or 0.6 per cent too mnch. 

It will he perceived that the result of the experiments agrees very nearly 
with the theory ; better, indeed, than coold have neen espeetod in liew mt ttie 
large dimensions of the apparatus and the great rarolaction of the eaihonie add. 

The accuracy is at least mlly enfficiput for the purpose propoBcd; and hy other 
cxperimentt^ I have been convinci d that the determination of the carbonic 
acid remaining in the saloon is the nuiin source of the slight uncertainty whi^ 
, stOi ocenxs, as this cannot be drawn.off with tlie deeiraUo ezaetness. If the 
carbonic acid remaming in the saloon amoimts to more than one>fif'[li of the 
quantity which is contained in the current which had passed through the gas- 
meter, the uncertainty becomes very perceptible, and may amount in case of- 
one-third and over to even seven or eight per cent As proof of this I addnoe 
still two other trials affected with this error. 

(a,J The experiment lasted 167 minntes ; 21.485 grammes of stearine oandla 
were consumed, answering to 31.465 litres of carbonic acid. 42.862 litres of air 
passed through the gas-meter, together with 21.56 litres of carbonic acid. In 
the saloon remained still 7.57 litres of carbonic acid, or 5^ per cent, too much. 

(b.J The experiment lasted 108 minutes; 16.129 grs. of stearine candle were 
conwnmed, representing S3.681 litres of earbonie add. 89.636 litres of dr 
passed ttmmgn the gas-meter, together with 15.02 litres of eaihonic acid. Ib 
Uie saloon remained still 6.73 litrea of carbonic add. Tiiere was ibond, thoie* 
fore, 8 per cent, too little. 

Supported by these and still other experiments,. I can with safety assume 
that, in an experiment of anch dnration, more than four-fifths of the carbonic 
acid doTeloped passes over into the current between. the saloon and the gas- 
meter; no greater uncertainty than one or at most two per cent, is to be feared. ' 
As in experiments with men and animals the time maybe extended to 12 and 24 
hours, the hope of attaining a still greater accuracy is not unfounded. I should 
have been pleased to extend a test experiment with candles to 24 hours the aspira- 
tors fbr the examination of the air, howeTer» which are now at mj disposal, pea* ' 
form then: functiooB only five hours without intemption. A remedy yrm he 
found for the defect within a short tinin in a Bmall pump apparatus, which, in 
connexion with the laige suction pumps in the engine-house, will con«Ua^ 
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famhh a uniform portion of the air inside and outside of tbe apparatus for ex- 
amination, 80 long as the air cuirenfc ie in motion-^tliat is, so long, in general) as 
itt 6Z|»eri]iieiit contfanieB.* 

In doung I take the liberty to call attention epecially to the fact that tiie 
irespicatory and perspiratory apparatus in the Physiological Institute hero is the 
first in wbicli a result is possible under normal conditions ; persons can live in 
it just as m a well-aired room, in which they can freely move, labor, cat and 
sleep, as they had been accustomed to do. 13y a movable window at the door of 
tbe ealoon, food and other things can be taken In and ont, without the fear of 
disturbing the experiment, wiu jnst as little concern as in a roon^ supposing 
the chimney-dranght in order, one op^ the door to stir the fire or xemoTO the 
ashea without the escape of ^moke. 

The p^nson outside of the saloon, conducting the experiment, does not in the 
IsMt dJstarb the result bj Us respizmtion, &c., for the amomil of carbonic acid 
o£ the air entering the sslocii is constantly controlled by onO of the two exam- 
ining apparatus, and can therefore be drawn off. 1 have never hesitated to 
smoke rirrarf^ dnrinn; the protrroHP of a test experiment, or to receive visitors 
who aL^o smoked, knowing tiiat the changes of the air outside of the saloon 
are to be ascertained precisely in the Bame way and with the same exactness 
as those hi the saloon. Am only the difference is calcolated* it is all the same 
whether this is more or less* provided it can be determined with certainty. 

In the test experiment w'th candles I have hith rto employed a change of 
air of somewhat more than eleven Jbinglish cubic feet (about 314 litre?!) per 
minute. In an hour, therefore, there entered into the saloon, which contains 
sonewhat move than 18*000 litres, much more than its own capacity of fresh air. 
By increasing the force of the 8uction-pum])8 which are worked by the engine* 
the air-chnpg;n can he quadrupled without thereby producing the slightest sensi- 
ble draught m the saloon, except in tlie immediate vicinity (four to six inches) of 
the openings in the saloon door. Opposite to these openings the transverse sec- 
tion of the saloon is so considerable! tliat the rapidity of the movement of ihb 
air most beoome imperceptible in the saloon ftsefe even if It is felt immediatelv 
atrliie narrow openings. Under the greatest force of the snction-pumps, which 
anBWfrf to a ventibttion of '3,000 En«^lish cubic feetanhooTi a eanale Still boinfl 
perlVrily undisturbed in the middle of the saloon. 

That the rapidity uf tlie entrance of the air at the saloon door is greater than 
that of its diroslon^in othor wofdsi that tiiere is no loss of carbonic add to 
1|0 ftared htm the diffusion— 4s established simply by noticing whether the 
pungent smelling sraokc generated and observed in the saloon is observable at 
tlie cracks on the outside. After this experiment had been repeatedly made 
w,ith negative results, one might have been a jmori, satisfi^ that no carbonic 
aejd developed in the saloon ean be lost, which &ct is also peifoctly established 
W the quantitative detenalnaitions. I am convinced ihat with tms apparatus 
ij^ questions of animal and v^etable physiology, so far as they relate to an in- 
crease or diminntion of carbonic acid and water in the air, can be solved with 
exactness and under perfectly natural eonditionB.t 

Note by the Translator. — Professor Pettenkofer handed me the above report, at my 
re^ueat, when I once viaited him dunag an experiment in the Piiysiological Institate* simL 
hB tKsnsMde in pcncU-nisrk the ssTOfU short notes wh^ given in connexion with the 
twaMon. A. T. B. 



> 

* The test experiments with candles have since been extended to twetvs boon, and have 

S'ven on en^rei^ accurate reenlt. As alreadj stated, Uie pump apparatus connected with 
0 pfopeUtng machineij provides, at present, fur the examioatioa of the two portions of air, 

tlliefle aaUdpatioas have all bsHi soling mUasd, sinGe Hovnibsi^ 1800, hj expsil* 
aMi^ as ureUQfOB awn as upon aainals. 
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C^O.) Bremi7:er. — Boriclit iibor die BoobacLtung der Sonnenfinsterniss vom 
18 Juli, 1S60. Bciiiuor Mouatitbericht, 1860, pp. 693-708; Heis, W. &> 1861» 
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(32.) Klinhcrfues. — Ueber die Beobachtungen der Sonnenfinsternifs voni 18 
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J6 S. 
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(67.) B, (aSflifficr.— Observntinn de Peclipse totale de soleil de 18 Jafllotp 
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totale du 18 Juillet, observd k Dougohdi. Comptes llendus, li, 680-684; lleis, 
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(72.) Alexander. — On the results of the astronomical expedition to Labrador to 
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Boleil du 18 Juillet, 1860. Bulletin de Bruxelles, (2,) x, 426-429; (Classe dc 
Sciences, 1860, pp. 541-544.) 

(7S.) Jjamont. — Die SonnenfinstemisB vom 18 Jnli, betreffiond. Heis, W. 8., 
1860, pp. 308-310. 

(79.) C. von W(iUc7iherg. — Eini;^e Mittheilnngen iiber die totale Sonneufins- 
teriiiss am 18 Juli, 1860, beobachtet zu Valencia. Astr. Nachr., liv, 65. 

(80.) JKuMtf.— Beobachtung der totalen Sonnenfinsteznisa vom 16 Juli, 1860» 
au Valencia. Astr. Nacbr., liv, 337. 

(81.) Beobachtung der partiellen Soimenfinsterniss Tom 18 Jolt,. 

1860, zu Gotiingen. Astr. Nachr., Iv, 91. 

(82.) J. Sj?/ller. — Photographic observations of the solar eclipse, July 18>. 
1860. rhil. Mag., (4,) xx, 192-194. 

(83.) E. Quetelett H, Hooreman.'^'NotB sur I'eclipse de soleil du 18 Juillet, 
1860, observce a I'observatoire royal de Bruxelles. Bulletin de Bruxelles, (2,): 
X, ISl-184, (Classo de Sciences, 1860, pp. 339-342;) Astr. Nachr., liv, 1. 

^84.) A. Quetelct. — EcUpse partielle de soleil observee k Kensington le 18 
Juillet, 1860. Bulletin de Bruxelles, (2,) x, 185, 186, (Classe de Sciences, 
1860, pp. 343, 344 ; Institut, 1860, pp. 326-328. 

(Sd.) W. S. Jbcod^Notee on the total eclipse of tbe sun of July 18; 1860, 
observed in Spain. Edinburgh Journal, (2,) xiii, 1-6. 

(SO.) Tl'". Ferrell. — Narrative of the American expedition to N. W. Britisb, 
America, to observe th(! total s iLu eclipse of July 1 8, 1860. Siiliman's Journal^ 
(2,) xxxi, 139-142; Hcis, W. t>., 1861, pp. ;i6-a9, 45-48, 51, 52. 

(87.) Zem^ej^jc^t.— ^nr les pb^nom^ncs qui out accompagnii Tcclipse de 
soleil du 18 Juillet, 1860. Oomptes Bendus, Itii, 194, 195. 

(88.) Airy. — Results of observations of the solar eclipse of July 18> 1860, 
made at the Royal Observatory, Greenwich. Monthly Notices, xxi, 155-1 57.. 

(89.) Cantzlcr. — Hie Sonncnfinsterniss am 18 Juli, 1860, beobachtet za 
Greilawalde. Held, W. S., 1860, pp. 284, 285, 289, 290, 29S, 317, 318, 329, 33a 
338, 339. 
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, (90.) Accounts of the solar eclipse, July 18, 1860, as obserred in England, 
at Greenwich Hospital, Itv Mr. IJifltllf; at Greenwich, by Eev. G. Fisher; at 
Maresfieltl, by (Japtaiu xsobie; at Ucktield, by Mr. Leeison Prince; at High- 
bury, by Mr. T. W. Bure ; at Haddenham, by £ey. W. B. Bawes. Moutbl/ 
Notices, xxi, 16~S7. 

(91.) Correi«pondenznachricliten die Sonnenfini^tcrnisB vom 18 Jiili, 1860, 
betreftend. HmV, W. S., 1860, pp. 252. 253, 2G1, 202, 276, 277, 322-33:3, :IH9. 

(92.) G. Sc/iwcizer. — Ueber <iie iu der Xiihe der Sonnenrdnder beohnrlircten 
Flecken vor und nach der tutaleu Sunueiifiusteruiss de^ 18 Juli, 1860. iiuiletin 
de Moacoa, 1860, (2,) pp. 238-267. 

(93.) Meteorologische Bcobachtungeu wSbrendderSooneBfinslenuss vom 18 
Juli, 1860, zu Bordeaux. Heis, W. 8., 1860, p. 262. 

(94.) Krecke. — Temperatur <l* r Liift wiihrend der Sonnenfinstemisa am 18 
Juli, 1860, zu Utrecht. Hciis, VV . 8., 1860, pp. 343, 344. 

(95.) Baudrimontt Raulin, IJouel, Royer et Mice. — Eclipse solaire du 18 
Jnillet* 1860 ; obaerratioiiB de physique et de meteorology mites i Bordeatix. 
Oomptcs Ilcndus, li, 145^147 Cosmos, xvii, 153, 154. 

(96.) L. Palmier i. — OsservAzionimeteorologicheeiiiagiietiehediiianterecIisse 
ultima. Ciincuto, xii, 145-147. 

(97.) jB. Vesains. — Observations thennometriques instita^es pendant roclipse 
de Boleil da 18 Jtiillefe, 1860. Commm, xtu, 118, 119. 

(98.) Loreifr-^SonnenSMteaaBB am 18 Jvli, 1860, beobachtet anf dem Paula* 
^ I3iitim0, in Frankfurt am MiOn. Jafaieaberidit der Frankfurt Verein»18d»-'60, 
p. 63. 

(99.) Li ml //a gen. — J<ip;-tta^el3er ofver solfurmorkelaen den 18 Juli, i Spanieil. 
OlVers. ai' 1 oiluindl, 1860, pp. 383-404. 

(100.) A. JUWfer.— »Berllttelfle om en med anslag af almSnne medel fi^ietngen 
resa foratti det une af Spanien, observera den totale aolfitemOrkelaenaf den 16 
Juli, 1860. OtVers. af Forhandl, 1860, pp. 405-414. 

(101.) A. MoUer. — Beobaohtun^ der totalen Sonneufinstemiss am 18 Jnl]« 
1860, in Lund. Astr. Nachr., liv, 96. 

(102.) Bnthna. — Beobachtong der totalen Sonnenfinatemiss vom 18 Juli, 
1860, in Tarazona, in Spanien. Leipa. Ber., 1860, pp. 214-292; AreliiT des 
Sciences Phys., (2,) xiii, 246-249 ; Zeitsckrift fur Naturw. xviii, 37-38. 

(lOI.) O. Sfrure. — Bericht iiber die Beobachtung der totalen Sonnenfinster* 
mss vom 6, (18,) Juli, 1860, zu Pobes. Bulletin der St. Petersb., i, 385-396. 

(104.) Sadler. — Beobachtung der partiellen Sonuen&asteruiss vom 18 Juli, 
1860, in Wilna. Aetr. Nacbr., liv, 21. 

(105.) Von Littrow. — Beobachtung der pnrtieUen Sonaenfinateftiiaa vom 18 
Juli, 1860, in Wien. Astr. Nachr., liv, 135. 

(106.) TL r/./r^c— Solform^rkelsen den 18 Juli, I860, obewrveret i Yitoria. 
Nordisk. I nivers., Tidskrift, 6 Aarg'.. 11 lleft. 1860. 

(107.) Arrest. — Beretniug over Jagttagelseu af der totale Solformoikclse 
der indtraf i Spanien den 18 Juli, 1860, (preliminary notiee.) Overs, over 
Forhandl, 1860, 195, 196. 

(lOS.) Eclipse total do poleil du 18 Juillet, 1860, observe i Lftm- 

bessa, (province dc Constantiue.) Coinptes Uendus, liii, 609-512. 

( 1 09. ) Zant€sdesch 1. — 1 a torno ai fenomeai oaservati in 1 talia nel ecliase di ficle^ 
18 Lugiio, 1800. Cherbourg, 1861. 

{110^) JSr. JK0yMrd— Beobaciitnng der SonnenfinstemiaB am 18 Jvll, i860, in 
Danzig. Astr. Nacbr., Itv, 225, 226. 

(111.) Jjpgnazzi. — Osserva^ioni del principio e della fine del I'eclisse del 18 
Lugiio, 1860, iatte all. 1. E. Osscrvatorio Aatronomico di Padova. Aatr. Nacbr^ 
liv, 263. 

(112.) ilfaurtf.— Eclipae of tho 0tm, July, 1860, Wasbmgton. Aatr. Nftdir.» 
lir, 11, 12. 
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(lis.) WUf. — Bcobachtang der partiellen Sonnenfinsterniss 2u Zurich. Astr. 
ir«ehr,lT,837, 336. 

In the great number of essaya and notices eonteined in the above catalogaes, 
•pace would not alltnv u:* to consider each one separately, even independciitly 
of the many repetitions which must thereby arise. I will, thereforp, give a [gen- 
eral accoimt of the phenomena of the solar eclipse of the I8th of July, lb<>0, 
Slid tfaereiiii in ardw to limplify the citatioos sb mncli as poMible, will always 
adjoin, in parentheses, the caUUt^ue number of the memoir to which fefefence 
is made in the statements. 

The writinfrs dcBi^iated above refer l>otli to stations where the Pun appeared 
parttaiiy eclipsed, and also to those wliicli lay withiu the zone of totjil eclipse. 
With reference to the hrst class, it will be sufficient merely to eautneratc the 
names of the stations. They are as follows : Athens, (39;) Belfort, (7G ;) Bor- 
deaux, (93, 95;) Breslau, (40;) Brussels, (83;) Dantzic, (HO;) Frankfort-on- 
the-Main, (98;) Gottin-en, (SI:) Greenwich, (90;) GreihuMMr. (89;) Had- 
denham, (90;) Highbury, (90;) Ken.-sirifrton, (84;) Kiel, (20;) KreiustniinHter, 

i38;) JLund. (101 j) Milan, (37;) Marewtield, (96',) Meta, (74;) Naples, (96;) 
^adaa, (111;) Fie dn Midi, Pyrenees, (59;) Borne. (61;) Storlns, (35;) Trieste, 
(36;) Uckfield, (90;) Utrecht, (94;) Vienna, (105;) Washington, (113;) Wihm, 
(104;) Woolwieb, (83|) Zfirich, (113.) 

Tiie observations made witbin the zone of totality are the only ort*'^* wliicli 
are of ej^pecial interest ; and in this res})ect there ih in the above collection au 
important deficiency, since the observations recorded by the English astrono- 
mers in noiiheni Spain have only been published as yet to & very limited 
extent and rery incompletely. 

The zone of total eclipse bej^an in North America, traver?^ed Spain from north 
to south, passed over tliencr to Algiers, and ended in the interior of Africa. 
In North America, the government of the United States sent two expeditions — 
the one, under the directioa of Mr. Alexander, to the coast of Labrador ; the 
other, in charae of Mr. Gilliss, to Steilaooom, Washington Territory ; bat ob^ 
lervations conhl be made only at the latter point. 

The best opportunity for observations wa?< furniBhed in Spain, and thither» 
accordin}:ly, most of the astronomers betook tliem.-*elve«, 

Notwithstanding that from the first, by a circular scut from the directory of 
the obserratoiy at Madrid to all Enropean astronomers, and published in the 
Astronomtsche Nachrichten, !ii, 253-256. as well as in the Monthly Notices, 
XX, 184-187, the endeavor was made to distribute the stations uniformly over 
tlie whole zone of total eclip.-e, this was hut very irajierfectly accomplinliod, 
and, instead of au equable diistribution, there restilted a collection into three 
grotijps, namely : 

19oreAem groupt vnth Vitteria a* the eetUral fwmt»'^Hh\B gronp couBiBted of 

Mt .-.-rs, Airy, O. Struve, W. de la Hue, Winnecke, Midler, Prazmowski, MiU- 
ler, d' Arrest, Weyer, Fe.iniley, LindelOi^ Lindhagen, Petitt d'Abbadie, Les> 
piault, Gdl^lsrlmiiflf , Tliicle, Burat. 

Middle graujj ; central pointy Tarazona. — This includes Messrs. Le Verrier, 
Viliarceau, Ohacomae. Foucault, Ismail Effendi, Bmhns, Ghiatier, Novella. 

tiatUkern group f central point, Caetdlon de la Planaj— To thh group belong 
Ifessrs. Socchi, Aguilar, Phintamoar, Kiimker, B. von Feilitz^ch, Brcmiker, 
Harqocz, Oiirlini, Donati, II;Lise, Von Wallrnherg, Ribeiro de Soosa Piuto, 
Ant. de Huuza, J. (J. de Ikito ('apello, Klinkerfues, Lamout. 

The French government scut to Algiers, under Mr. Laussedat, a comuussion 
oonmsting of«emeers and professors of the Polyteebnie School, who stationed 
themselvrs in Batua ; and the Viceroy of Bgypt sent the astronomer of Cairo, 
Hahmoud Bey, with a numerous retinue, to Dongolah, on the Nile, (19^ 12' 41" 
north Utitttde.) 
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Let tM init cofitemplate the progress of the phenomenon in general. A vesy 
important circumstance waa noticed everywhere, viz., that when (obsenring wilJ& 

the !jl:\SB screini) the sun 8eein<'d to hrivf cora[)lotely disappeared, and iIk" screen 
was then quickly removed, a briglit »ol:ir cn'-cL iit wm? still visible, di^uppcjinag 
Bome twenty or thirty eecouds later. Tim i& tlie same phenomenon vvliidi Mr. 
Airy iirrt saw in 1849, at the S&perga near Turin, and desoribed by saying that 
he had observed 'the sun vanish twice behind the moon. In the present case, 
«rimp ohHorvtTfl atate that they saw a second solar crescent; others f»tily remark 
ihat, idter rcmovinfj the screen, there was a dazzling brilliancy which compelled 
them to withdraw the eye from the eye-piece. This circumstance is ciipecially 
important iinr 1tb» i^eason that It has inflnence npon the obserred duration of 
totality, since it is evident that this duration wiU eome out longer or shorter, 
according as the beginning and end of totality are observed with or without the 
screen; nho, the iat^Misiry of shnde of the scnsen will have its influence. The 
greater part of the observers probably observed the beginning with and the end 
without the screen. 

Dorinl^ the second vanishing of the ann, or even a few seconds earlier, nu- 
merous intensely red rays issued from the moon's limb, the smaller ones of whicli 

soon disappeared, but the larger showed :is prodihi rancca after the eclipse was 
comp'.i'tL'd. According to Home ob.-crvcrs the vuuidhiug feolar cret'.ceut trans- 
formed itself into an intensely red border; while others saw, at the moment of 
the Ban's vanishing, the whole moon surrounded by a small red border,' either 
of red pearls or tiamt which seemed to mn around it. It waa noticed by every 
one that a red border preceded the appearance of tlic sun on the west side. 

Tiic ytrotuber.mces nppcared upon the east, south, and north sides almost 
eimultaiieuusly, but only towards the middle of the totality did they come out 
upon the west, and gradually increased in height, while the eastern ones cou> 
tinnall^ diminiahed, and entirely disappeared. Their color was red, more or 
less intense, and here and there orange. The protuberances were better seen 
with a light red glass screen than without any screen at all, and with such a 
glai*s could be longer followcil even after the totality, a circuuistaace of which 
great advantage can be taken in future observations. 

Ko ground wa6 given &r the assumption of a connexion of the protmbenmte$ 
with the iolttr tpot$. 

In the corona there wore to be distinguished the inmermoft nudl ringt the 
mUer broad ring, and the rai/.s or halo. 

Of the innermost smtdl ring the moon's iimb formed the interior limit, and a 
sharp circular line concentric with the moonV limb, and about two minutes 
distant firom it, the onter limit. The light waa silver white, and of equal 
intensity throughout, or perhaps a little fainter just at the moon's limb. 

!io outer ring dimini:*hed in inten;<itv as the distance from the mooil*9 fimb 
iucn'ascd, and an exterior limit could not be asfignefl to it. 

The rays rcacheil a distance of more than a diameter of the moon, and were 
partly straight, partly curved. 

The corona waa seen &k several minutes before and after the totality. 

Phenomena exactly coiTeaponding to the fringes and pearls described by 
Baily were not recognized. 

The darkness during totality was, in America, equal to that of night. In 
Spain and Algiers there remained a twilight sufficient to enable the observer, 
without a lantern, to recognise the seconds of the chronometer, and to read 
coarse print. The planets and stars of the first magnitude in the vicinity of 
the sun were easily perceived. As regards the planet of Lescarkuilt, its non- 
appearance contributed to confirm the opiuioa which the great unmbex of 
astronomers had already formed relative to it. 

' The dark spots or fringes which were first seen* in 1842, to pass over on the 
floor or on whl]» walls immediately hetbie the totality attracted the attentioii of 
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many obien ers in Spain aad. Algiers, who were occnpied with the {jpnoral 



South, 



progreuB of the pheuoxnenon; and it ap- 
peared tbot tlbey begin about a lainnte h«- 
»>re the vanishing of the snii« and move on 
parallel with the golar crescent, i. e., parallel 
with tho tangent of the point of the mooil'e 
limb, wliere the sun vanishes. 

A collation oi' tke observations docidcB 
at onoe one of the moat important pointa 
of dispute, ioMmoeh as it comes oufe de- 
cidedly tlvat et-erywhere the principal pro- 
tubcraucLs appeared at the *ame points of 
the moon's Umb. 

The most eonapieiioas protoberoneea aie 
designated in the adjoining figure. The 
first, which appeared immediately after the 
s\m Tanisbed, was a, whose angle of poaitkm (taken in some oaaea only from 
tdrawings) ia thus given : 




North, 



155° Bruhns, (Tnrazona.) 
164 Secchi, (Dfsierto.) 
155 Aguiiar, (Dcsierto.) 
143 P&ntamour, (Caatellon.) 
160 Lamont, (CastcUon.) 
140 Yon Feilitseh, (Oastellon.) 



155° W. de la Ruo, (Rivabellofla.) 

154 Wiuuecke, (Pobes.) 
144 Novella, (Tarazoua.) 
156 d'Abbadie, (Brivieaea.) 
148 Thiele, (VitoriaJ 

155 Goldachmidt, (Vitoria.) 



The 



The long mountain ridge b tB also to be pevoored in all the diawinga. 
an^ea of position are, however, less accurate on account of its extent. 
The protuberance c is especially deserving of notice* because It appeared 

separated from the moon's limb. Its position was : 



55^ 
60 
59 
59 



Airy. 
Bruhns. 
Secchi. 
Agoihur. 



45^ Plrnit imour. 
25 Novciia. 

57 W.delaBae. 
63-78 Winnecke. 

58 Goldflchmidt 



The piotaboranee d appeared nnder the position-angle : 



SS"* AgnOar. 
16 Struve. 
36 Winnecke. 



25° Bmbns. 
30 Lamont. 
25 Goldschmidt. 
22 Airy. 

.The protabdrance e was noticed by only a few observerSf and seems after- 
ward? to have formed port of an extended mountain rid^e. Tiie position was 

given as tbiiows : 



328° Novella. 
320 Struve. 



330° Aguiiar. 
340 Bnihu:*. 
350 Goldriciiuiidt. 



The protub^ance J" was, at some places, observed as standing by itself; at 
Oftfaers it formed only a part of a long moantain ridge. The position-angle was : 



265° W. do la Roe. 
260-263 d'Abbadie. . 
265 Agttilar. 



260° Bruhns. 
277 SecchL 
270 Plantamoor. 
270 Lamont. 

The position of protuherance g was given as follows : 

2W Thiele. I 235'>AgttiUr. 
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It id impossible to eftftblith a complete AecxirdiHiee betweai the observations 

of the difl'erent astronomera, both because no o!)^!erver ha?" nntcrl all the pro- 
tuberaDces, and also because, in estimatiug or graphically reprerienting the 
position-angles, the accidental errors may come out ^uite large, as is already 
evident from the examples eited. To tliis may yet be added that on tlie we»fc 
side of the moon, at the middle of totality, only whigle protuberanceB appeared; 
while later, on this side, they extended to long mountain ridges, so as to pre- 
sent a different aspect every moment, rendering an identical reference impos- 
sible. 

The attempts made in Desierto de las Palmua and J^livabelloea to photograph 
the phenomena of the eclipse led to the sadsfactory resnlt that not only some 

Buceess is to be obtained, (which, indeed, could scarcely be doubted after the 
attempts made iu Kouigsberg in 1H51,) but also that the phenomena are much 
more correctl}- arid completely recorded than by direct observation. The posi- 
tion-anglcti ot the protuberances obtained by photographing (very unccrtuiuly, 
indeed, on account of the smallness and want of precision in the images) were 
given by ICr. Aguilar as follows : 



D«st«rto de 1m PalmM. BiTab«llosa. 



1. ProtQberaneo d 

2 do c 

^« « • * • do *•••• 

4 do 

$, ...IdQ 

• » * • do • ft « « « ^ 

7« • • • • do « • « • « 

8 do e 



22" 


28° 


57 


57 


159 


154 


194 


197 . 


231 


230 


260 


265 


276 


27S 


340 


346 



The fourth protuberance was ob?crved by Mr. Secchi (pos. 195°) and Mr, 
Aguilar, (pos. 193^;) the lifth by Mr. Secchi, (pos. 231°.)* AUo, the long 
mountain ridge b occurs in the pliotograpbs. ^loreover, the photographr? «how 
a coubiderable number of protuberuucea not included iu the preceding iist, and 
among these even very prominent ones, of which no trace was to be perceived 
by direct aburvation. Tlie explanation of this &et presents many difficnlties, 
since, if we say that the light of those protuberances may act chemically with- 
out affecting the retina of the eye,- we niu-t not tbrget that in practice hitherto 
no example of this sort has yet been exhibited. 

The fact that the photographs obtained in Metz by Mr. Goulier, (74,) and 
sent to the Paris Academy, show a sort of corona close to the solar crescent, 
which could not be seen by direct observation, appears to he attributable to 
accidental canse^, and certainly should not be considered analogous to the 
above-mentioned phenomenon. 

If we would consider more jparticularly the questions to be brought to test 
by the solar eclipse of the 18th of July, 1860, we find in the first rank those 
relating to the nature the protuberances. The manifold investigations to 
which the earlier eclipses gave rise were so far from bringing a definite opinion 
with general acceptance that, even now, those who expUuned the protub r mce^ 
as phenomena of interference or inflexion, and those who considered them as 
solar clouds, were about equally divided. In the above-mentioned preparatory 
memoirs bodi hypotheses are defended; and, in fiiet, Messrs. Airy (5) and Von 



* Singularly, both these protuborsneet am waatSng in the drawing ibade by Mr* AgoUar 
a^ the direct obBervation. 
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LHtrow (12) have prcnomo^ rtay declMly 2a finror tf mSot doiids, and Mr. 
Yon Feuilndi (22) for phenomeaa «£ infecrfarflBoe. The detailed theoretical 

references given by thr latter deserre very special attention, nnd include all 
the optical phenomena of total frlipHca— the corona, the rays in tbo corona, 
find the protuberances. For producing the latter there are assumed at the 
mooB'B Umb isolated conieal elevationa of about 600 ftet aHltndo and baser 
which are yet t!>o small that they could not be Been with tdei«copeB magnifying 
300 times; and it is also shown that the same tneoretical development explains 
the origin of an isolated protuberance if we assume at the moon's limb a very 
high isolated mountain summit. With regard to the hyDotbesiia advanced by 
myself, that the colors of the protuberuncea lure proauced by iniSexion of 
light at the moon's limb, bat their fona bj small masses of vapor floating in 
our atmoBjAerei this has bem set aside hy the circumstance mentioned above, 
that the same protuberances were seen at different places. Nevertheless, X 
. cannot yef entirely give up the opinion lliat the vapors of an atmosphere — that 
is, the condensations caused by reduction of temperature next to tbe inmost 
shadow— do ezenuse a very considenUe influence noon the pbeaomena of total 
edipses, and especially upon the forms of the protnoeraaeesii 

If we examine how the opinions relative to these questions stand now after 
the observations of the total solar eclipse of 1860» we And the vote oomes ont 
nearly as follows : 

In £sTor of solar clouds, more or less decidedly, are — ^Measrs. Airy, Le 
Terrier, Seechi, Aguilar, StruTe, Mftdler, Gantier, Biemiker, Gilliss, Winnecke, 

Petit, Praamowski, Lespiault. 
In favor of interference phenomena are*— ICeasis. PUntamonr, d'Abbadis^ 

Marquez, Loerand, Fjive, Lnmont. 

A jprepouderuUng number have, therefore, declared themselves in favor of 
the first opinion. Uerebj we mnst not omit to consider that every one who 
desires to combine difierent observations of a solar eclipse into a t«in;,'l<- result 
is compelled, at the same time, to interpret critically and to aupjdy d^icienaet. 
In the shortness of time and the incompleteness of the apparatus no G^^erver 
can completely and accurately take in the whole phenpmenou, and tbereiore 
.an interpretation and completion seems necessary and iustiiied. Bat thereby 
the deciding ground becomes so fiur doubtful, that probably tlie greater part cf 
the non-participating astronnmers will consider tne case as not yet ripe for 
decision. 

The criteria according to which we mnst decide arc very simple. Sup- 
posing that the moon moves over the sun exactly from weat to east, then the 
potubemnces, whether solar dunda or caused by intefferenee, wiU first appear 
m the east, and gradually diminish in aise, will come ont later in the west and 

increase in .size ; while upon the north and south the magnitude must remain 
unvarif ri If tlio protuberances are solar clouds, there ore yet to be added the 

special conditions : 

1. That the diminution of altitude in the east and the increase in tbe west 
must exactly correspond to the relative motion of the moon. 

, 2. That the protuberances must remnn naohanged in form and color. 

3. That with the northern and southern protuberances there must bo changes 
of the angles of position corresponding with the relative motion of the moon. 

Applying these pronosilions to the several piotuborances meuliuned above* 
it appears that witli a the altitude should have remained unchanged ; but th^ 
position>angle should in each minute have diminished about h^9. That, 
furthermore, the protuberance c should have diminii^ht d hy l-l ', and a by 22" 
in (Nich minute, and the protuherauce ^ should have increased 2&\ and 

e 20" in the same time. 

Direct measures, with leferenoe to' the given crifteiions, wen made by Messrs. 
^liiy (88) and d'Abbadie,'(57,) and the former found Ibr the positioa^anglsp 
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of d and c in eqnal interrals of time ihe Mlowinp Tdiies, vhieli» ]iowever» 
lepiMnt neither an increajring nor a diminialriBg bcosb, nemdj : 

d c 
250 Qfy 550 

20 '20 56 20 

(Two obaerrationa kwt.) 

20 20 • 5G 20 

23 20 53 20 

vrhWc the latter measured three altitudes of the protuberance a, of which the 
lirtit id doubtful, aud, m Airy has circums^tantially shown, {08, ) if the correction 
re<juired by the observer himself be adopted, would be against the hypothesis 
of solar clouds ; bat if the conection be not adopted, would be ik Jhvor of that 
hjrpothesis. By indirect methods, comparing with the position of the solar 
crescent, Bnilms (31) (102) obtained two position-angles of the protuberance 
which he was able to follow from 2 minutes before until 8 minutes after the 
total eclipse, and found that in an interval of 13.7 lumutes the angle of position 
had diminished 26.*'3, an aigoment of weight in favor of the assnmption of 
■Slar elonds. On the other hand. Yon Feilitseeh (44) (45) determined bj 
measurement the diminution of the protuberance a in one minute to be 45", 
and Plantamour (47) found it more than 30", whih? it should have amomited 
to only 23". The latter pointed out also that the fioatiug cloud c vauhshed 
before it could be reached by the advancing moon's limb i and entirely similar 
results, pronouncing decidedly against the assumption of solar clouds, were 
chtoinea by Mr. Thiele, (106,) who compared the altitudes of the protn- 
berances measured at definite instants with the times of their disappearance^ 
and thence computed the diminution of altitude. 

Besides these measurements, there are in the material before us no other 
mumdert whitsk could lead to a decision. The pro|[^resa of the eclipse, however* 
produced in many observers, among them MesBrs. IMantamour, (47,) d'Anest* 
(107,) Legraud, (46,) Goldschraidt, (11,) (12,) &:c., the definite impression 
that the changes of altitude did not proceed with uniform velocity, and my 
own perceptions agree, with this. On the other hand, Mr. Secchi (60) (61) 
brings up the circumstance that the colors of the protuberances were very dif- 
ferent from the interference colors exhibited in optical experiments. 

Since the central shadow passed over the whole distance from the northern 
to the southern coast of Spain in ten minutes, the protuberances considered as 
solar clouds should have appeared at all the stations tlic same in foiTn and 
colors. Now, upon compaiiug together the drawings and descriptions of the 
different observeKS» it will be always possible, by interpreting and completing 
deficiencies i|Sth considerable freedom, to produce a similarity ; but without 
such interpretation and completing* there is certainly to be found no satiafiu^ 
tory ai^rccmeut at all. 

Deliuite resting points might be gained by comparing the forms which the 
same observer saw at different moments during the totality ; and yet, in this 
respect, we find contradictory testimony, for, while Bremiker(30) could pec- 
ceive no changes, Messrs. Plantamour, (47,) Von Feilitzsdi, (45,) Bruhns, (31,) 
and Goldschmidt, (41,) (42,) did observe changes of form and color in sev- 
eral protuberances. I noticed the same thing, with all certainty, in the pro- 
tuberance a. 

With regard to the corona, and the rays therein contained, tibie observers ap- 
pear generally to have attained to the conviction that they do not belong to the 
sun, but are occasioned by interference at the moon's limb, and partly also by 

the vapors in our atmosphere. 

The uueetion whether the same rays were seen at the different stations cannot 
be decided with definiteness, for, whue in the drawings at Pobea and Tarazon^ 
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ft great TeMmblanee ean be peredTed. the ofher lepreBentaliQiiB differ so widely 
ficom each other that doubts mast arise respecting the identity of the objects. 

T now pass to the ppocial contents of the individual memoir;*, but limit myself 
to mentiouiug that which is worthy of Cf^pecial notice, or U ntrikingly discrepant. 

The most comprehensive and important among the above-mentioned memoirs 
Is that of Ifr. Aguilar, (65.) in which we find, not only a review of all the con- 
dnsions arrived at by Spanish observers, bat also a collection of many resnlta 
from foreign observers. After a historical introduction we find the limits of 
totality determined from the data given by professors, officers, and engineers, 
who, partly voluntarily and partly commissioned by their governments, had 
Btatioued thcmselvcjs at correspoudiug points, itresultii therefrom that the zone 
of totality agreed in diameter with the prediction, bnt» in position, must be car- 
ried somewhat N.KE. of the predictea place. Next follows an investigatioii 
of the duration of totality, which was everywhere found to be shorter than pre- 
dicted. In fact» the correction amounted to — 

15" in Vitoria. 
16 in Brivicsca. 
16 in Herramelluri. 



16 in Burgos. 



17" in Moncayo. 
1(5 in Castolion. 
15 in Desierto. 
12 in Campvey. 



That the computed dnxation should require a correction, while the computed 
breadth required none, is a contradiction, which Mr. Aguilar explains by the 

remark ili.ii the correction corresponding to the above numbers would amount 
to only (jOU meters, and we can only decide about so small a quantity when a 
complete collection of the observed data is before us. 

If it should finally appear that there was a diminution of the breadth of zone 
eoResponding to the diminution of duration of totality, then Mr. Aguilar thinks 
it probable that, in accordance with the idea of Faye, (69.) to be exhibited be- 
low, we must assume a lunar atmosphere. That the phenomenon may be as- 
cribed ti) an entirely difterent cause has been already indicated above. 

Further on Mr. Aguilar mentions the different views relative to the corona, 
snch as the qnestiouB whether it is single or double ; whether it extends out fur- 
ther at the sun's equator than at the poles ; whether its light is polarized or 
not. In respect to the latter question the observations of Messrs. Secchi, 
Barrcda, Rodriguez, an^, above all, of Mr Prazmowski, have decided that it is 
to be answered affirmatively, assuming thereby that the polarizing redection * 
takes place in the atmosphere of the sun, and not at the moon's limb, or in the 
atmosphere of the earth. 

The question of the protuberances is treated most at length. Mr. Aguilar 
brings up the facts noted by the Spanish observ^ers at Bilbao, Vitoria, Tudela, 
Loj^roiio, (Jasarejos, JiOrtora, and Ibiza, which he considers acccmlaut with the 
idea of solar clouds, then expresses his doubts relative to the oRiervutions of 
Oijon and Oviedo, which do not harmonise therewith, and states, in special de- 
tail, the things noticed by himself and some foreign a^Lronomers. In this con- 
nexion steel-engraved copies of four photograms» obtained at Desierto de Laa 
Falmas by Mr. Mou.^errat, by help of an apparatus belonging to Mr. Becchi, are 
added by way of elucidation. 

Finally, the last chapters relate to the intensity of the solar light, the effect 
upon plants, meteorological determinations, and effect upon anises. An ap- 
pendix gives a summary view of all the stations and observers on the line of 
totality from the Bay of Biscay to the Mediterranean. 

The memoir of Mr. Marqnez (66) irf very thorough, and of great interest. It 
contains, first, the principal momeuts of eclipse, the description of its progress, 
the position and magnitude of the protuberances, represented by a sketch* drawn 

. *x asguoie that Mo. 7, in the drawing of Mr. Marquez, is identical with a; Kus. J, 2, 3, 
with the moimtain chahk hs No. 8 with df N<k 9 with c; and Nik U with /. Otcr the pro* 
tuberamcA a Ur. Ifaiquss notiosd two isolated points. 
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hy eyt, and differing^ eoQBidembljrfiroB th« data of other ol^erven, after which 
follow Terj complete meteorologiei iiiagBetie» and photometiie obeemtions. It 

is worthy of notice that an inner r?n» was not B^en in the corona ; on thf other 
hand the whole circumference of the moon appeared surrounded by a red bor- 
der, it in etdted, moreover, that the protuberance J' waa seen proceeding out 
from the moon'a linb before the solar creMent ; and» finattj, we mast alio 
mention the noted peculiarity that immediately before the yaidihin^ and after 
the re-apiipariTifT of tlip r^ini, f)lack, mountain-like eU'vations of the moon's limb 
(gomewliat similar to the pbeuomenou de^icribed ly J>;-iiiy) projected tliemselres 
upon the varioas solar crescent. The greater pai c ot the memoir is taken up 
with the eollatloD of pierbnily obwrved phenomena of total edUpsea, and the 
critieiimof the theoriee formed for their explanation, wherein die author ex- 
presses, as the final result, his very decided opinion that WO ean only aMome 
inflexion, or interference of li^ht, at the moon's limb. 

The iirbt memoir of Mr. Airy (49) is to be considered as only a preliminarT 
account, as all the observations uiude by those who participated in the British 
expedition are to be eollected together in a large volnme and published at the 
ezp^fle of the British government. In the second memoir (88) the corrections 
of the solar table? of Lf> Verrier, and lunar tables of Hansen, are deduced from 
the obscr vat ions made during the eclipse with the great equatorial of the GreoL- 
wich Observatory, and the results are as ibilows : 

Correction. 
Di£. AR ([ — AR © = — 
Diff. Decl. d — Decl. O ^ — L 0 
Son's dUuDoter » +0^ 3 

Koon's diameter .—2. i 

The memoir of Hr, Bremiker (30) contahiSt hi addition to Ut€ determinatioii 
of time and the principal instants of eclipse, also the position-angles of the pro- 
tuberances, and some data respecting their form. He did not observe any 
changes of form, and, according to the whole course of the phenomenon, he ex- 
plains the protuberances as solar clouds, it ia worthy of notice that the floating 
cloud c was not perceived either by him or myself, (the distance between us 
was only a few steps,) while Mr. Plantamonr, whose station was some hnndted 
feet further west, t*aw it distinctly. We meet a similar paradox &ho at Desierto 
de la Palmar (65) and Oropesa, (6G.) Mr. Bremiker appends to hifS memoir a 
brief investigation respecting the brilliancy of Venus, which, at the time of to- 
tality, he estimated to have one aud one-half time the brightness of Jupiter, while, 
according to Lambert's formula, it should have given much less li£;Iit. He 
shows that the ob:<ervation may be satisfied by asHuming lhat the atmas^tere 
of VenuJ! alao^edixts light, ho that the formoU of brilliancy must consist of two 
term?, whose coeffieientt* he determines. 

Mr. Plantamopr (47) brings up, in his brief but very precisely written exhi- 
bition of the course of the eclipse, various fhcta which contradict the assumption 
of solar clouds, and gives thi'ceidrawings, representing the beginning, middfo* 
and end of totality, iu which are found the protuberances a, h, e,f, and a moon- 
tain-cha!n which covers the whole distance between e andy! 

In the pecond paper (48) he endeavors to defend his drawings, and the state- 
ment that the protuberance e vanished without com'ng into contact with the - 
noon s Ihnb, against the objeetlons of Mr. 8<Hsehi, (62 ) 

Mr. Gautier, (67,) without havhig perceived anything peculiar or differ^t 
from other ob-'ervprs, pronounces with great deciclpdness against tlie hypothestts 
advocated by Mr. Plaiitamour, and appears to assume tliat the sua is surrounded 
by a cohering red cloud-stratum with steep elevations and depressions. In the 
.dmwings given by him we notice the protuberances a, h, and a long 

BKNutaitt-oh^ betwflen e aad^C 
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ICr. (jk>iilier (74) bringi! out in a nhovi i»otioe ibe circiiniitaaM that. Inr tlie 

pbotograpbt} obtained by Mr. Lame}' iu Metz, tbe polar cre^cpnt appears sur- 
rounded on all sides hj a bright light, of which the direct obeervatieaa have 
shown no trace. 

The resuks of Mr. Chseomee, (24.) as weU as the apparatos ased by him, are 
aoateriaUy diSnrent from the rest The tel^oope employed, made by Foaeanlt, 

htA a silvered mirror of 0.4 metre (lt5 Parii^ inches) [aperture,] aad was noanted 
eqnatorially. The in ve.- ligation related exdn-'ively to the protuberance r7, whop© 
position he gives ai< 50' (.'JO''?) eastward inim the north point. While other 
obs^ver? compared the prutuherauce to mouutaiu-topd, inouutain-chains, or to 
eloiids, Mr. Ohaoornac declares this oonqiariaon wholly iiiaoeuiBle« and finds ia. 
liha appearance gfeal simitarity to numeroas gas-flames, or, bettsr yet* to 
a burning pile of Btraw, or of loose combustible material, on which a current of 
air is acting in such a manner aB to bend the many iiames into different direc- 
tions. The protuberance consisted of two separate parts : a laiiger part, where 
it seemed as though the hmliig Hid Jost eommflneed; and a smaller, whese 
iqppavently the fire had already penetrated throogk tiM material, and liie bammg 
was qoieUy going on. From the circimistance that some parts appeared very 
dtsitinct, while others seemed to he in a innnner wrapped in cloud, we .should 
infer, pay? Mr. Chacomac, that Kome were nearer, aud others at a greater dis- 
tance, an idea which Mr. Secchi has also brought forward. Altituugh Mr. 
Ghaeontae direoled his espeeial atteiitioii to only one point, he aevertheless 
awept repeatedljr with his telescope over the whole cireamfereiiee of the mooo, 
and ?o had opportunity c^'iivinr*' himself that all the protuberances presented 
a similar aspect. It is known iliat Mr. Arago considei^ the luminous envrlope 
ot the sun as burning ga», aud Mr. Chacornac seems to have had this idea m 
his mind whUe describing the protttberuiees. 

The different memoirs of Mr. Seoehi (60) (6t) (62) are of especial interest, 
jiaitly on account of the observations which he himself made, and partly by 
reason of the connexion into which he has brought his own observations with 
those of others. He considers the protuberance!* as portions of the luminous 
envelope of clouds by which the sun is surrounded, aud holds accordingly that 
the solar atmosphete is less extended ia the polar regions Aan tewara the 
equator, and that abe the agitation of the atmosphere is l^s at the poles. His 
remark (not fully carried out iu all respects) that the photographs obtained by 
himself and Mr. de la Rue are identical is especially noteworthy, as al.'^o his 
explanation of the circumstance that protub^ances appear in the photographs 
which could not be peredved hj dheet ohservatioa with the telesoope. The 
changes of solar heat during the progress of the eclipse were determined by 
Mr. Secchi by means of a thermo-multiplier of Mellonij also magnetie and ma- 
tcorologic ol»serv:ttioiis were noted down. 

Mr. Prazmowaki (oi) gave himself to the problem of investigating the polar- 
ization of the coroua aud of the protuberances, for which purpose he had 
eoastmcted two different mattamenta. The first, eonristing of a tussoope mag- 
nifying 22 times, with a quarts jphtte in the fiteoa, and a Nicol's prism between 
the first and second eye-Iena, pnnwed a strong polarization of the light of the 
coronaiu which the polariasiug plane was perpendicular to the moon's limb — a 
result which entirely agrees with previous deierminations, and with the above- 
mentioned obserration of Mr. SeeehL The seeond iastniment, a teleecope ef 
the same kind as the preceding, bat with double the power, had a scale of quarti 
between the first and second lenses, and before the oye>paece a double-refracting 

; prism, with a sitwII refracting angle, so that the two images of a protuberance 
appeared near together, ((he di?itance was only 1^ minute,) while the two images 
of the corona projected themselves upon each other, and ibrraed a white ground. 
In this war it became possible te dedde the hithcsto nnsettled questioii lespcet- 

' ing the polariaation oi the piotnberanoes bj Moevlaming that tneir light is not 
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pol&iizcd. *<Ib H allowable^*' Mka now Mr. Prnzmowski, to conclude firom 
this thiit tlip protuberance^ are flolar clouds whiek GoiiAiBt» not of gaacoiifli but of 

vapory or iixed particle;^?'* 

Among the facta noted by Mr. Lci>piault (54) wc may puiut out this, that rays 
belonging to the corona proceeded ont from very many points of the moon's 
limb, oat inregnlarly in direction and distribntion, and some were also carved 
near tlif outer limit of the corona. The irregularity showed itself very man- 
itestly at about 233^ from the north point, wlierc the rnya seemed to croi?f» in 
all directions. The largest ray in the corona was from 80^ to 110° distant from 
the north point. He measured the ultitudea and bases of three of the protuber- 
ances* a, (1) e, {!) bat without giving the time. 

The communication of Mr. Bianchi (43) respectitig the id^ti^ of the protu- 
berances of 1S42 and ISGO would be of g^reater* weight if more particnlar refer- 
ences were added. This important defect, and then the objections th st must 
ariau in consequence of the different relative position of suu aud moon, aud tbe • 
eireamstance tnat Mr. Bianchi does not seem to have occupied himself speciattj' 
In astronomical works» gives but little hope that his propositions would be 
established. The approximate agreement which wo perceive in the drawings 
of different eclipse^ relative to the position of sinp^le protuberances loses mucb 
in weight when we consider the great number of the protuberances. 

Mr. Faye (50) did not "observe the eclipse himself, but only collected observap 
tions and compared them with earlier statements* and has endeavored to show, in 
opposition to the opinion of his colleague, Mr. Le Yeirieri (23,) that the hypol]:i- ^ 
e^is of solar ch)udrt is untenable, partly by reason of the difference of form 
Been at diiTerent localities, partly by reason of the rapid changes of form and 
color which aie manifested during the totality, and partly on account of the 
impossibilitr of referring the phenomena of diflSnwnt eclipses back to a commoa 
fandamentsl point* Thns we have ohserved white protaberaaees, rose^lored 
protuberance.'?, intense red protuberance.=!, red and orange protuberances, peach- 
red protnln ranccs, violet protuberances, black protuberances, white protuber- 
ances* wiih black edges* without any reason having been assigned for theae 
colors* and the transition from one to another. Mr. Fa^e then speaks of tbe 
phenomena of the corona and the halo of rays connected with it, which, according 
to his remarks, cannot be Considered as belongti^ to the snn ; and, furthermore* 
be does not acknowledge as correct the condosions drawn from thepolariaatioii 
phenomena. 

Mr. Petit, (55,) (o6,) who made numerous measurements of the heights of the 
protuberances, (not given* however* in his memoir*) considers the hypothesis of 
solar donds as completely established by the whole series of recent observatitmSy 
and remarks, .at the .same time, that not the least ground in given for the assump- 
tion of identity of the protuberances of 1812 and ISGO. in the corona, which 
he saw 12"^ before and 2^ 46" after the totality, he distinguishes three concentrr^ 
xings— en innermost briOtant ring of 7' 80'^ breadth j a second ring, 9' 3(K' in 
breadth ; and an onter ring, 98f broad, consisting of less regular light Barometer 
and thermometer observations are also added. 

The expedition sent to Algeria, under direction of ^Mr. Laussedat, (68,) con- 
structed a temporary .place of observation before the gat(^ of Lambersa, and 
obtained, during the eclipse, various redults which were tran.-^mitted to the Paris 
Academy at the same time with the yery general report lying before us. The 
result.? communicated called up an academic discnssion, in which Mr. Faye (69) 
remarked, that i^ince, according to Ilantsen'.s statement, there is an atmosplKTC 
on the side of the moon oppo.site to thu earth, and, according to Herisclii l, the 
temoerature of the moon's surface in coaseq^uence of the loug-^ntinued sunshine 
xeaeaes at least to tiie boiling point of water* the lunar atmosphere at the dme 
of new moon must, by reason of the expansion* spread out, and become nisib/e 
of the eidee of the moom* He shows how in this way many phenomena of the 
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total oclipse of 1860, tifimply, tlio hlio: tening of duration of totality, the visibility 
of the mouu'a limb before and after totality, &.c,, may bo explained. 

Ur. d'Ab1>adie (57) observed position-angles and altito^ of the protiibflr« 
anoes a and e» and, in fact, the latter was observed before the appearance of the 
sun with the position-angle of 260°, and after the appearance of the Bun, as a 
new protuberance, with the an^le of 263^. The conclusions to which his ob- 
servations lead have been already mentioned above. His polarization obaerva- 
tions agree, indeed, with those of Mr. Prazmowski, but cannot be considered as 
decisive. 

TIic account of Mr. Gillies (73) is very remarkably and we can only wish 
that tlif things noted could have been exhibited in more detail and explained 
by drawing^s. The station was in a prairie (Muck Prairie) near Steilacoom, in 
a bleak and little cultivated part of Washington Territory, and the dampness 
was so great that the olgect-gUuui of the telescope xeq[nir6d to be wiped off from 
time to time, as a deposition was constantly forming. If we aaaome that in the 
photograplied drawing?, accompanj^'n;:^ the memoir, north and south only arc 
inverted, and not east and west, so that south iss aljove, north below, west on the 
right, and east on the loStt then Mr. Gilliss observed protuberance g with the 
position-angle of 355^ to 258^, and thie came out Juai, and with striking bright- 
ness as a cloud-pyramid of 2' base and 1' altitude. As die moon advanced the 
base increased, while the altitude remained the same; notwithstanding, thei^ 
pearance made an impression upon Mr. Gilliss as though the protuberance came 
gradually more into view behind the advancing moon. A s^maller protuberance 
(doubtless J") appeared simultaneously under the angle of 2ii8^ to 273^, and 
towards the end of totality the protuberance b (?) was also perceived. These 
are the only objects which Mr. Gilliss apeaaUy mentions. He remarks, how* 
ever, that the number of tlic protuboraTices was considerable, and that they 
commenced to appear abont 30^ alter the beginning of totality, after a small 
white line had been seen immediately around the moon's limb, and outside of 
thiB line a crown of red points or pearls which seemed to ran around the moon. 
Bnt the most striking thing in the appearance were rainbow-like and rainbow- 
colorr rl small bands of equal radius with the moon, which, in great number,- 
following each other upon the dark lunar disk, moved inward toward the centre 
from east and west. Sir. Gilliss leaves it undecided whether a real appearance 
was seen here, or only an optical phenomenon arising from physiological causes, 
vet he adds a short description bv Mr. €h)Idsboroaghi at Stdlacoom, from which 
he thinks it may be concluded that the latter saw the same phenomenon. At 
the beginning of the totality the moon ehowed itself spherical, as though seen in 
a stereoscope. 

Mr. Burat (25) designates the outer limit of the corona as elliptical in snch a 
way that ^e breadlh at the solar equator was greateri and less at the poles. • 
Among the protuberances he noticed b, e, dt but no accurate comparison can 

be instituted, as he has not given the times. 

lyiahmoud Bey (70) observed the eclipse in Dongola, on the Nile, and saw at 
first G, but near the end of totality 7 protuberauccii, among which were b, 
(observed position-angle 109° to 121°,) y, (observed angle 278^,) and c, which 
last appeared as consisting of two isolated clouds. 

In the memoir of Mr. Mftdler (34) it is especially worth while to notice the 
indication of a circumstance, not previously brought into consideration, by which 
a decisive confirmation or contradiction of the optical hypothesis is rendered 
possible. For since, under the conditions which obtain in solar ellipses, the 
moon's poles can have no libration, but tiie effect of libcataon at the east and 
west limbs is included within quite narrow limits, therelbre the same protuber- 
ances must always appear at the poles in case they are caused by elevations at 
the moon's limb; aiKi, a'^ regard;? the east and west limb, there will be, at least 
in the course of a long period of time, total eclipses with the same libration, when 
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also tlie same protuberances should then appear at the sides of the moon. Prom 
the fui'thei- proposiliou of Mr. Miidler, to use the teu-vear period of sohur fipots 
Ib « tfattilir nuuiiMr, and wm^an the total eclipses which oocnr at equal phwsea 
of muM period im <Mrder to deeade whether the solar spota hav« a connexion with 
the protuHernnccs, but little snocesB may be anticipater^ jr'^nerallj. Very in- 
structive lithographic plates are appended to the racraoir, where we find all the 
hiiherto observed protuberances represented. Mr. Madler himself, in Vitoria, 
aotod the protaberaoces a, b, d, e, and two maUer prominenoeB besides; th« 
observation of these, and compari^n with the Btatements of other observexSy 
leads him to the conclusion that solar cLouds» luid not diffiaction or liiflezuMi. are 
the cauge of the phenomenon. 

Mr. Thiele (lOO i gives a sketch of the protuberances, together with an esti- 
zoate of the altitudes and position-angles ; whence we can deduce that he saw 
Ihe protaberanee a, (poa. 148^ ; initial altitude, 2'i Taniehed one minnte forbr- 
six seconds after beginning of totality,) the mountain chain b, (pos. 90'^ to 120 ,y 
the flontin^ cloud c, (pos. 46°,) the protuberance d, (pos. 28°,) and the pro- 
tuberance e, (pos. 345^^.) From his own observations and those of others he 
deduces the velocity with which the moon appa.rently advanced over the pro- 
tabemneea^ and inda die mimerical retnlt two or ibtee lamea as great aa It 
dMNild h$if9 been i^on the rappoeition that the pio^ahenneea heloi^ged to the 
mm. 

Mr. Von Wallenherg (79) observed very near the limit of the zone of totality 
in Valencia, and appears to have seen the protuberances J" and g at the lower, 
and then a and b at the eastern limb of the moon. He deaerihea the riiys of 
liie oorou aa nneren* and wil3i eiond-Iilco teimination, and notea three in par- 
ticular, one of which (i]%htly curved to tiie flonth) aeemed to proceed from 
between the two eastern protuberaTiees, and the other two (hook-shapefl, v.'ith 
their coucave sides towards each other) to proceed from the vicinity of the two 
lower protttberuices. It may also he added as worthy of remark, that, at be- 
annnki^ of totalitj, the narrow eoiar crescent did not ran together at the mid- 
dle, but towards a small notch in the moon's limb somewhat on one side from 
the middle ; and here « point of light remained behind, and Taniahed 16 aeconda 
at'ter the crescent. 

Mr. Goldsohmidt (41) (42) observed the protubenmces a, b, c, d, (whose 
poflitSon-aBglea were piooahly given not from his own obserFation, but from the 
photographic determinatlonB «t Mi, 8eeehi,) and another protuberance at 19S^» 
and two small onea at 36° and 60°. From his dronmatantial description we 

perceive that before the vanishing of the sun he saw a grqy-eloufl stratum, 
t- 1 til It (id aL the sun's limb, juat where the protubcmnce b appeared afterwards; 
that the protuberance e in the course of the totality changed considerably in 
form and color, and that d remained viaible jret 4 mmntes 40 aeconda a&tst the 
leappearance of the awi. He ascribes to the corona a yellow color; he eona- 
par<% the protuberances, whose altitudes he gives abont twice as great as other 
observers, to glowing wood coal?'. TTr brings up aa a (Iiinq- especially noted 
that, during the totality, " the daik moon had bad an inner broad and dehncd 
Kmb." 

Mr. W. do la Bue (76) describes, first, the preparations which he had made 
for photographing, and then informs of the result, which consisted in obtaining 
two photographs daring the totality, anrl thirty-one during the rest of the 
course of the eclipse, lie, himself, observed the phenomenon with a telei^copc, 
in whose focus was applied a glass with lines for helping to estimate maguiiude 
JHid pontioa of protiuieraoeeB i and he eaw eome ttinntea befoce totality, when 
he had diminished the Bght by refleetioo fkom a f^taaa amrface, the whole cir- 
cumference of the moon and a bright protuberance eastward from the zrnitk. 
Attervvaxde, immediately before the sun vanished, he could, without dinuui&h- 
ing the light, discern the floating doud c, and a whole series of protubexanoea 
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Ibrt^r to the eaai He addvees, as worthy of remark, that in the position- 

anjr^e 72° a large protnberance appeared in the photograpliing, of which he 
had seen so trace in the direct obaeiratioQ, althooj^h the region was com- 
pletely swept over by him. 

With regard to mTOwn observations, (77,) (78.) of which the results wiU^ 
not be pubushed nntu a later day, I remark, that I saw only the protnbefaoees 

,4hhd, and J", at the plaee of the floating cloud. I noticed rays belonging to 
the corona which were not perpendionlar to the moon's limb, but were inclined 
Bouthward. i 

The description given by Mr. Mannheim (28) of the movable fringe forma 
a part of the general repcnrt made by the commisBion sent to Algeria by the 

. Pmytechnic School in Paris. We see therein that the fringes were rectilmear 
and entirely colorless, and at fii*st following each other at distances of one 
decimeter, and afterwards at smaller distances and with p:ro iter rapidity. In 
this connexion a quotation is introduced from the report of Ara^o upon the 

, solar eclipse of 1842, wherein the explanation is prononnced difficult and 

* uncertain. 

Mr. Jacob (85) belonged to the British expedition which went to Spahi 
under the direction of Mr. Airy for the purpose of obscnnng the eclipse, and 
cliof?e its station in the Pas.s of PeSacenada, Let ween Vitoria and Logrouo. 

. From the preliminary notice which he commuuicates retipectiug the pro- 
tabenmees* we dednee that he saw the protuberance a, the monntaJn-eham b, 
(he floating cloud c, and the prcrtnberanoe e at precisely the same points of die 
moon*s limb at which they appeared in southern Spain. With reference to 

. the protuberance «, it is remari^ed that it first appeared shortly before the end 
of totality. 

I heKeve that m the preceding pages I have brought into notice the most 
important pohits from the extremely oomprehensive material before ns. If I 
Jiave not more closely considered various classes of observations relating to 

, special qnofjfionH. hucIi as magnetic. mf>teorologic, photometric observations, or 
ouservations of colors and lines of the ])rismatic spectrum, the reason is, that 
as yet no noteworthy results have been deduced from those observations, and 

, partlj, also, beeaiue the qnestions In view, as of the absenee of an fnflnenee . 

. of the eclipse upon the barometer and the magnetic needle^ might he eonsidered 
as decided by previous investigtitions. 

In relation to the expeditions undertaken into Spain, I only add yet the 
remark, that they experienced on the part of the inhabitants the most friendly 
reception, and on the part of the authorities all possible support and fhrtherance 
in carrying out their sdentifie labors; and all diose who partieipated in the 
expedition, without ezoeptiont have In the waimeBt terms expressed Hieir » 
acknowledgments. 

17 M 

* 
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Paris, June 23, 1865. 

Sir: I have the honor to address to you the copy of a very interesting letter 
which I have receiTed irom a didtiDguished savaut, M. le Barou de Prados, of 
Bio de Ja&€iro, on tlM total edipee of tbe snn of the S5tli of April laeL 

It appears to me important that this letter bLouH be published, for we need 
the preservation of accounts of all the principal eclipses iu order to complete the 
theory of the physical constitution of the sun. I request, therefore, that you 
will cause it to be published* if pofiflible, in some of the works issued by the 
Smithsonian Institution. 

Be n]eaaed» eivt tojMicept the a08iifance o£ theieepectfiil oomddeBBiaon of yoor 
bumble. 8eiv«n^ 

EMM. LIAIS, 

Attrcmomcr of the Observatory of Paris, 

Mission Sdmtyigutt oO Rue de Bdle-ChatU, 



* (M the eclipse of the sun, AprU 25, 1865. 

CBitMctof sh Ma r fr omll. teBawn 4e FktdM to If. Uili» dM April 26.] 

In pursuance of your indications I repaired to Rio de Janeiro some days be- 
fore the opening of the Chambers,'*' that I might be able to observe the eclipse 
of ^ 25lh instant. Unfortunately, the eky xemained oroekwded op to the 
time of the first contact. When the sun coud he observed, the shadow of the 
moon had already invaded its disk, so that the first contact "vvas \c,^t. The last 
exterior contact, the only one which I could observe with any exactness, took 
place, according to the observers who were present at the imperial observatory, 
myaelf hemg among them, at llA. 5^. Being at the great meridian re- 
fractor, which had been removed in order to hediieetedaponuiesun, I was ena- 
bled to follow those physical details which there was an opportunity of observing. 
The eclipse was not absolutely totri! at tlio obpprvat/>ry. A thread of light 
which, at the height of the phenomenon, took the form of a chaplet, perhaps 
prevented die observt^on of all the particulars of the corona. This last showed 
itself hoirever, fox aome momeobi in all fits splendor. The fblhwing are the 
special eiieamBtancee whieh I waa aUe to remaik doang the ahort duialien of 
tne phenomenon : 

At the moment when the luminous thread assumed the chaplet form, the 

*M. Baron de Pradosivpresidentof the Corps Legislat\f of Brazil. He residas at Barba- 
ceua, whore he has caused to be cougtructed ut his own expensp, und maintiiins, a large hos- 
pital for the poor. He studied medicine at Paris when young, and conducts the above es- 
tabliduBODilufliielC The Chambers opiaied eight days amr tbe ocl^ee^ which expl^^ 
flEBt phMNs ofthe httar. 
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western border of the moon presented a magnifieeot ring of some seconds in 
breadth and of a violet-blne color. Its regularity was perfect. It was rather a 
luminous outburst of admirable effect. Nothing like it was manifested on the 
side of the eastern border. The ring of the corona was, nevertheless, well 
eloied, and of a perfect peail eoior* ezeept on the eastern side, where the feeble 
line of Boler li|^t gave it the oidiiniT tint of the atmosphere near fte edge of die 
son. Five pencils of parallel rays of a perfect whiteness proceeded, almost per- 
periflicnlnrly, and witbout blending, from tbe ed^e of the ring of the corona. 
None ot these pencils seemed to me contiguous to the lunar edge. If we except 
the violet-blae coroacation which showed itself on' the western border of the moon 
at the height of the eclipse, nothing was observed which resembled those flames 
or pretnbaances which are abnoet constantly remarked in total eclipses, unless 
we suppose to be such the same magnifioent lominooe trait of yiolet bine of 
which I have spoken. 

i'erhaps the short duration of theeclipse,and the illuniination, however feeble, 
of the eastern edge of the sun, preyented their bemg distinguished at oar station. 
We dmll le iTu what avIII I»o said on this subject hy die expeditions of St. Oath- 
crina and Cabo-Frio.* Notwithstanding the instantancousness of the phenome- 
non, 1 endeavored to verify the existence of the polarization of the light of the 
corona. For this purpose I availed *mysolf of the polariscope with colored 
bands of S&vart, and tuat of M. Babinet It was wim the former instrument 
that I beet reoogoized the polarisation. The bands were well colored on direct- 
ing the instrument on the corona. The coloration was aoffidently sensible to 
forbid my admitting the intervention of the atmospheric polarization, for it was 
imperceptible' wlv n tlip instrument was directed on the Innar centre. It need 
not be said that tiie atmosphere was strongly polarised iu ail its regions, during 
the eontinnance of the phenomenon» in &e manner in which it ordinarfly ie. 
One clrcumstanoe* manifested with much distinctoesa* was the visibility of the 
border of the moon beyond the solar disk during oven the first phase of the 
eclipse. Arago, however, had remarked it iu 1S42, and you have also called 
attention to it in your observation of IboS with regard to photographic teats 
by causing the solar image to fell npon impolished glass. Daring the whole 
eclipse I carefully explorad in the photosphere the solar smikce whidh showed 
the greatest calm. By a singular defect the faculis were scarcely perceptible 
in my instrument. Should the observations at St. Gatherina and Oabo-Frio 
verify the absence of protuberances, the opinion will receive strong conlirma- 
tioQ which supposes tiiem to be formed by the ascending currents of solar 
ympon, wfaAch^hen involye by their impulsion the donded eztraphotoepheric 
•tratom, and whose Woknt elevation produces the protuberances. The photo- 
sphere was tranr|ni], nnd ouly a luminous line of a violet-blue color, a rec^ubr 
level stratum, presented itself to view. 1 sought with care for the ox it^tt ace of 
moving shadows. Nothing, however, was verined, although a large number of 
echolanof the Oentral achool, who were then at Iheobseryatory, had their me 
fixed on the white walls of the cupola, favorably disposed for observation. The 
sky was so cloudy that we could perceive at our station only the planet Venus. 
The inhabitants, however, of placea more to the south are said to have dis- 
cerned several stars of the first magnitude.! The leaden color tending to 
yiolet predominated In the air and on the sea, which resembled molten toad. 
Domeatie anhaala manifested the nasal phenomena, the fewls seeking their 
roosts, while certain species of brutes seemed to manifest rather surprise than 
fear. Of the horses and mnlea in the streets of Bio de Janeiro, nethiag re- 



* I.< ttt i N of a Inter date than thut of Buron Jc Prados'havo iufonned US Hiat tilSSS two eS« 
pediLious ^acountored such bad weather as to procluda observauons. 

f 'Iio the aoatbcf Bio d» Jaadio (heeefipi^ siWinwIiiig to oHmt inlSoiiBatioii, was abso* 
InlcljtotsL 
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mttibplkle was noticed. The meteorological obBervatioiis offered flie 

anomalies which have bccTi rrraarkcd in 1S5S ; that is, theminimamof tempera- 
ture did not correspond with the maximum of the eclipse. The temperatore 
began to ascend imioediatelj after the commencement of the phenomenon, and 
tiien Bank until the latter ww at its height, when it stopped at 2iJ39 oentigiade. 
Before the edipae the samethennometer marked 24.7^. Thesamethixiffocciined 
with the barometer, which commenced ascending at the beginning of the eclipse, 
and did not decline till 9h. 4m., rcachinw- it>j mlnimnra at the point of gn*iterit 
obscuration. Ilaving remarked nothing sLi iknig as to other meteorologicai phe« 
I liiuit myself to thes^ simple indications. 



■ 
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Vf TiiE 

SOCIETY OF PHYSICS AND MTUML fllSIOitY 

OF GENEVA, 1861. 



BY SRV. H. DOBY, PBB8IOBNT. * 



ttUH&LATh.O t'OK THE SMITHSONIAN INdTITUTIOEf BT C. A. AI^AJii>£& 



Gbivtlbhbn : It would afford me great Batisfeetion to be able to commcmi- 
cate, in the sapid sketch which I am ^xmt to jraeeent of tbe proceedings of oar 

Society, pome small poi.liou of the j)loasurf! wuTch I have rayself derived from 
a review of thorn. In the full and accurato reports of our riccrctary, the in55truc- 
tive lecture and uuimated discuasiou have seemed again to pass before me, and 
these I mtut now attempt to retrace, bat» of course, without the hope of repro- 
ducing that which formed 80 large a part of the charm of our meetings — the 
uniform kindness which pervaded them, the unaffected urbanity with which 
eacli, whatever might be the line of his own studies, lent an attentive interest 
to the researclies of his colleagues. The classification which I shall follow, in 
giving an account of your proceedings since M. Pictet read to you the last an- 
nnal leport, will be tmit adopted by him, as well as mj other predecessors.. 

PHYSICAL SCtBNCBS. 

m 

You recall, doubtlesa, the intcrestihg paper presented last year by M. Bitter, 
on the figure of the earth. He has lately resumed this subject In his second 

memoir he has applied to the calculation of the dimensions and exact form of 
the globe the analysis which he had previously developed, while availing him- 
self of all the observations which f«rnif?h the actual elements ol" the problem. 
Hid caiculatiouij exteud over eleven arcs, divided into sixty Bections, and com- 
prising seyenty^five stations, with a total amplitude of eighty-six degrees, which 
are not all contiguous. It results that the ideal metre, or the ten millionth 
part of the quarter of tlic meridian, exceeds, hy two hundred and twenty-eight 
thousandths of a millimetre, or one hundred and one thousandths of a line, the 
legal metre, or metre of the archives. The flattening of the earth is jjj, with 
an uncertainty of 2.6 in the denominator. The equation of the meridian differs 
unquestionably from that of the ellipsis, the meridian being swelled out towards 
the forty-filth degree by a stratum whose thickness is twenty-seven toises, with 
a probable error, raoro or less, of twenty-four toises. This uncertainty pertains 
chieliy to the latitude of three of the stations — Montjouy and Eraux, in the 
French arc, and Kamiez, in the arc of the cape. » 

To M. ^tter we also owe an account of the new experiments which die ofilce 
of the ordonnance survey, charged with the geodesic operations of Great Bri- 
tahi» has caused to be made in Scotland, with a view to determining the densitj 
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of the earth. M. Bitter informs ub that tbe manner in xrhich tbeee ezperimeote 
have been conducted, and the possibility that uiiknowu and unconsidered sub- 
stances m^y exist jn tlic mountain, on tlie two sides of which the experiments 
were made, do uot authorize iis to accord to the results obtained the same con- 
fidence which bhouid be inspired by experiments of the nature of those of 
Cavendish. Again, the operations in England* conducted hy the commission 
for restoring the standard of measures of lengthf (&e yard,) have found in M. 
Hitter a reporter quaUficd to convey to his colleagues a clear idea of the diffi- 
culties encounterud, aud of the scrupolous precautions taken to obtain a sola* 
tion of the problem. 

The study of the periphery of our globe, and the phenomena it presents, have 
been the subject of several communications. H. Oiuuz* in giving a samnuurj 
account of the voyage of McOlintock to the polar regions, showed that the 
boreal lands have in general a higher relief than was heretofore pnpposcd. 'i'he 
mean relief of the ijskinds discovered since the voyages of Captain Itoss reaches 
2t000 feet. Different indications lead to the belief in recent upheavals- To 
the same colleagae we are indebted for a sketch of a memoir by Colonel Gra- 
ham, on the semi-diurnal tides of Lake Michigan, from which it results that the 
high spring tide at the syzygies rises to 3.48 inches, and M. Grraliam thinks 
would reach 4 inches, were all causes of disturbance removed. 

Professor Wartmann and M. de Saussure on two occasions occupied the 
attention of the Socictv with a work by M. Thomassc, on the hydrology of the 
southern part of the tjnitcd ^tes. This latter savant, accepting the state- 
ment of American engineers that the quantity of water conveyed by the Mis- 
sissippi equals but the tenth part of the whole quantity which falls in the basin 
of that river, contends that to expUiiu this phenomenon it is necessary to sup- 
pose a drainage by subterranean passages, and attributes to that cause the foun- 
tains of fresh water observed in the sea at' the mouth of the river. M. do fiaun- 
sure cannot admit that these fountains proceed from cavities or clefts in-tke 
middle or superior portion of the river, which flows over the old sandstone, 
quite unconnected with the recent formations of New Orleans. M. Chaix dis- 
putes even the basis of M. Thomasso's hypothesis. Not only is it very diffi- 
cult accurately to gauge the river at dtf^ent seasonSi but we are by no means 
in possession of the necessary elements for estimating, even approximately* tlie 
quantity of water which falls in the basin of the Mississippi. AI. Chaix reminds 
us that M. Ellet gauged that river both below and above each of its great aHla- 
euts, aud that the result showed that the quantity of water conveyed, tliongb 
augmenting considerably at each point of confluence, regularly presented a sca- 
sible diminution fifty leagues lower down. This diminution, according to tile 
engineer just mentioned, is easily accounted for when we observe that below 
the Arkansas the right bonk is low, swampy, and furrowed by bayous or arms 
of the river. 

The natural glaciers of our mountains have been the object of very particular 
investigations by MM. Sorct and Thury — by the former in reference to a glacier 
above Thun, and by the hitter in the case of the Pr^ dc St. Livres, in the fxt- 

dese Jma, and in that of Vergy, in the Alps of Savoy. It was in winter that 
M. Thury made the visits of which Ifc gave us an account, and he draws from 
his observations the conclusion that the tima of the form ition of the ice in these 
cavities masl have been the season of the year wheu boLh water and frost pre- 
vail — that is to say, in autumn, and especially in spring. 

Pt'ofcssor de la Rive presented to the Society copies of fhree Portuguese 
HLips of Africa, of an earlier date than lo5S, which were sent to him by M. 
Liivradio, for the purpose of showing that many geographical facts discovered 
within lato years were uot imknown at the above epoch. M. Chaix, in elfect, 
called attention to the singular fact that tfa^se maps indioated a dkflln of lafaos 
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ttid man in the interior of Boathern A£nca. This circumstance, however, loses 
!tl importance whcu we observe tbat, although referred to the same latitudes 
with those discovcre^l by Lirin;:^tone and Burton, the names borne by these 
collections of water betray ihc error by which, while really-bLlongiiig to eq^ui- 
uuclial Africii^ they have been transported too far to the ooulh. 

Before <|uitria^' our own phmet to recall the commnnicationa relative to 
agronomy, I ehoold occupy a moment wiili an account of somo roaearches re- 
spectiug f ho atmOf?phcre. To Dr. Lmabard we are indc^btcd for a mnmoir treat- 
ing of tbu iuiluence of altitude on raiu. M. Gaspnrin, it will be remembered, 
claims to have established the law that the quantity of rain increases with the 
beigfat. M. Lombard has eoUeeted, as beanng on tbte point, nnmeroaa obser- 
vatiomi nnblidied in the United States, and» having^ compiled and compared 
many tables, arrives at results which, whether as regards the valley of the 
Mississippi or the whole country, entirely contradict the supposed law. M. de 
la iiive, rcmiudiug ua of a theory formerly advanced by himself regarding the 
formation of nou-couccntric hailstones, and ascribing it to the sudden •congela- 
tion of coUeotions of globules of water suspended in the atmosphere and cooled 
bobiw serOf took occasion to annonaee to ns that Professor Dufour, of Lau- 
sanne, has recently, by very injjonious experiments, furnished additional proba- 
bility to the tiieory, and .shown the effect wbick Tioleut concussion would have 
in producing the phenomenon. 

' The principal aiscuMions in regard to astronomy arose from the observa- 
tions ox the total eclipse of the suu, July 18* 1860, made by Professor Plan- 
tamour, at Castellon de la Plana, in Spain, and by Colonel Gautier, near Tar- 
razona. It'was certainly a fortunate circumstance for the Society that two of 
its own members were among the accomplished observers of these striking 
phenomena, and the. details famished by our colleagues were received with 
marked attention. As their memoirs have been published, I shall not here 
attempt a detailed analTsis; I shall obIj observe that the essential point on 
which the discussions turned was in relation to tlio red protuberances which, 
immediately afier the dir^appearauce of the sun, showed themselves on the edge 
of the obscure disk of the moon« Those observed by M. Gautier seem not to 
have been ideatieal with those which M. Plantamour has so well described. 
The former particolarlj noticed one of these protuberances which, after having 
made its appearance at the commencement of the eclipse under the form of a 
email spot, continucLl to increase with a regular gradation and assumed the 
form of a large triangle, a little to the right of the zenith. But the chief sub- 
ject of variance between the two observers regards the cause of these protu- 
bezanoes. If both agree in, extolling the splendor of the spectade, it is held, 
on the one hand, by M. Plantamour, to be a simple optical efibet produced by 
the interposition of the screen whish changes the direction of the sun's ray-^ ; 
while, ou the other, M. Gamier tliinks that the phenomenon is esnentially solar. 
It would occupy us too long to state the arguments by which our learned ob- 
servers sustein the conclusions at which they anived. I shall merely add, on 
the authority of M. Gautier, that the author of the annual report of the Astro- 
nomical Society of London seems to have adopted tlie opinion that the protu- 
berances pertain to the sun. 

M. Gautier has from time to time supplied us with information respecting 
the researches of M. R, Wolff on the spots on the sun. These researches 
eonfirm the existence of a period of about elevcu ycfars in the return of the 
spots, but their sine is moaified in an interval of five or six of those periods. 
The elder M. Wartraann stated, with regr-.nl to these spots, tint wh^^ii observed 
directly through the telescope they seem bia^k, but when the image is received 
on a screen tiieir appearance is red. He thinks that the phenomenon in the 

- £>rmer case is an elect of contrast with the light of the orb. M. do la Bire 
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called tlie attention of the society to some new experiments by M. Kircbofif 
relating to the influpncf' exiirted on the stripes in the spectrum of a flame by 
the presence iu that iiame of ccriaiii metallic subtJtauced. From these experi- 
ments highly intenetine consequenees regarding the nataie of the eolar 
atmosphere are dedaeed By M. Kirchoff. 

From M. Gautier we also received an account, first, a memoir of M. Otto 
Struvc, jr., on the annual parallax of the stars, alpha of the lyrai and 81 of 
the swan. The result of the oh^ervations on this last star establish its com- 
parative proximity to the earth, from which, nevertheless, it is separated by fonro 
teen nuliions of mOliona of leagnesj aeeondt of a memoir of !!• Ftowe1«'of 
^Madras, on the double star eta of Oasabpea, the distance b^weeii the two 
stars being 1", and their orbit indicating a revolution of 181 years; third, of 
the publication of tables of Venus, by M. Lcvcrrier, the results of which indi- 
cate that ihe value of the mass of the eaith is to be slightly augmented; 
fonrth, of observations made in England and in Glerm^ny on a nebnu whidi, 
during the month of May, 1860, assumed for some daya the appearanoe of a 
brilliant star of the sixth or seventh magaitude. 

M. Wartmann, ar., notihed us of the discovery, between Mars and Jupiter, 
of six new asteroids. On this occasion he combated the idea of M. Leverrier, 
that these new planets might be recently fonned from the oosmic matter dif- 
fiised through space. He also conmmnicated a note on an aurora borealis ob- 
served at Geneva March 9, 1861f in which it is shown that the theories of tho 
jinrnra heretofore given leave unexplained the cause of the movement of oscil- 
.latiou wliicl! is executed by describing suddenly and completely an azimuthal 
arc of several degrees iu extent to the right and left of the magnetic meridian. 
M* Wartmann invites the attention of l^eorists to this atrange phenomenon^ 
which equally concerns both physics and meteorology. 

Tbe communications relating to electricity have been, as Tisual, quite nu- 
mt r(>us. 31. L. Soret presented on the Gtli December an essay towards a 
mechanical theory of electricity. After having recalled the fact that electric 
phenomena, and especially the calorific and mechanical offsets, seem to adapt 
tixraoselves fully to an hypothesis like that on which reata the mechanical 
theory of heat, he infers that electric phenomena are to be r^arded as molecu- 
lar movements subject to the ordinary laws of mechanics ; and he proceeds to 
investigate the nature of those ihovements wbich he considers to be rotary. 
The rotation may be executed iu two direclious, from left to right aud from 
right to left. From thence would flow that duality which charaoterisea elec- 
tric phenomena, and conducting bodies would be those which allow the trans- 
mis.-ion of the rotaiy movement of a molecule to neighboring molecules, while 
that property would be absent in isolating bodies. On these principles M. 
f5uret explains the facts of both static and dynamic electricity ; aud he termi- 
nated this first communication by showing that the phenomena of the propa- 
gaticm of currents and extra-cturents, of the closing and the rupture of a cir- 
cuit, are easily explicable on the hypothesis thus presented. Tlie chief objec- 
tions to this theory arise from the impossibility of explaining thereby actions 
at a distance, and the consideration tliat the movcmeut of rotation ot' a mole- 
cule cannot produce iu the neighboring molecules a movement iu the sume di* 
rection, bnt necesaarily moTcment in a contrary direction. 

H. dela Bive reminded us that in 1849 he proposed to explain the variations 
of the magnetic needle by the existence at the su»face of the earth of electric 
currents resulting IVoni a rupture of equilibrium of the terrestrial and atmo.-i- 
' phcric electricity. This theory was rejected by astronomers, who maintained 
that the magnetic Tarialiona are too intimately conneeted Hidi the position of 
tbe ann not to depend on the direct action of the mass tii that body. Accently» 
howererr a celebrated astionomer> Father Secchiy has anew had reeoone to tm 
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inflDfioee of atmoAplierie agonti ia order to ezpUmi to a gieat extent the variac 
tioDB of terreBtrial magnetism. Every rupture of meteorological equilibrium 

pro*liu ing a condensation of watery vapor wonlA produce a rupture of clcc- 
triciii equilibrium. Tbit* equilibrium cauuot bo re-establl^bed except by cur- 
Xtul6 of the buri'ace, currents which must act on the magnetic needle. Doubt- 
lees the mass of tiie aim exerts » direct aetion on terreetrial magnetism, but 
X. de la Bive thinks that this aotion has boen mndi exaggerated. It would 
not surprise him if in tlie magnetometer there were evcntuaUy found an instm* 
meiit of meteorology at least us delicate a.s the barometer. 

By the same coUoague an account was given of the experimenta relative to 
eleetrioal eablea* which he had witnessed m Eni^and. It appears that the ill 
siocess of the transathmtic cable is chiefly to be ascribed to the defective 
setting of the soldering, and also to the circumstance that the cable was laid 
in such a manner as was calculated to produce ruptures in the isolating en- 
velope. Nor is the fact to be overlooked, which has been proved by direct 
experiments, that pressure increases the conductibility of the envelope of gutta* 
pereha, which is not so isolating as has been generally supposed* jDaring an 
racnrsion to the neighborhood of Dover, M. de la Hive took occasion to ob- 
serve the application of electrical illumination to light-hou3e3. The electricity 
is not generated by a battery, but by magnets of steel arranged on a circum- 
ference before which pass points of soft iron surrounded by a coil and placed 
on the periphery of a wheel. To this wheel motion is eommnnicated by a * 
small steam-engine. The cost of tilie apparatus once defiraye^^ and this cost 
is certainly considerable, the daily expenses are less than those of ordinary 
lighfc-houpes. We learn from a letter addressed to our colleague by M. Bec- 
querel, who has since studied the subject, that the light obtained by the above 
means is very constant. A machine of one and a hali' horse power, consuming 
six kilogrammes of coke per hour, sofficea to prodoce currents wtiich, issuing 
between two retorts oi charcoal, give a light equal to 300 wax candles or 7o 
carcel lamps. 

ProfcrJisor Wartmann reported to the society the researches of M. Magnus 
on the conductibility of gases. When a metallic wire is heated to redness by 
the current of a battery, it is Ibond tibat the dnration and intensity of the heat 
vary with the circumaml)ient gases ; hydrogm» &r instance, conducting heat 
as a metal would do. M. Wartmann gave an account also of a memoir of 51. 
Rike, of Leyden, designed to explain the nou-iustantaueousness of the propa- 
gation of the electric iiuid in conductors. He compares the jpropagation of 
electricity to tlie efflux of water or of elastic fimds under certain determinate 
conditions. To conclude what relates to the principal reports concerning elec> 
tricity, I may here mcntiou that M. L. Soret presented the model of" a new 
battery, constructed by M. Delenil, of zinc and protosulph-iite of mercury, 
which, being charged with pure water, exhibited for three months an action 
perfectly couslaut. ' ' ' 

The properties of gas have formed the subject of several communications. 
M. Marcet called attmtion to some new experiments of M. Tyndall on their 
diathcrmal power. From these it results that simpb' ga5?es absorb only 3 per cent, 
of the ealf>ric emitted by the source of heat, while compound gases absorb 
much more considerable quantities of it ; olehant gas, for instance, 81 per cent.; 
oxygen and nitrogen combined in protoxide of nitrogen, GO per cent. Vapors 
absorb more than gases. M. Marcet likewise cited a memoir of M. Franckland 
en the influence of the rarefaction of air upon combustion, and showed that it 
may bo considered as nothing. On the other hand, the intensity of light di- 
minishes rapidly with the density ; this loss of brightness being, in England, 
0^5 to the inch of the pressure of mercury. M. L. borot repeated before the 
society an e^erunent of M. Deville, intended to show a property of endos* 
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mmc of gnsps in trarersing jxirouH: earths. This experiment eviuccs that if. 
wbeu a current of hydrogen i» traversing a tube of baked earth, we atop the 
oamnt, there is a vacunm niodaced ia ue apparatus, 'vriiich can be only attri- 
buted to the circumstance tnat a portion of the hydrogen paises through tha 
Bides of the porous tube. At the same time a certain qnantity of atmoepkav 
air is mixed with tl»e ^as remaining in the apparatus. 

M. Autoine cominumcuted new researches on the combustible part of the gas 
of the fumarolles of Tuscany. It is composed in variable proportions of the 
. nanh gas and protoeaxbonated hydrogen of donhle the Tofatme. He eoa* 
dnded with aonn genanl considerationa respecting the ahaorption of ga^es. 
From his e:tperiment>? it results* that the complete solution of the gases, on which 
liqnid reactivcs exert a special action, depends on the mass of the absorbent 
body and on the extent and duration of the contact. M. de la Kive announced 
that M. Soh6nhein> who baa bean long ooeapied with the iaolation of antoioM 
or posidve ozjrgen, baa anived aft llie deared leanlt hy the tritoration of flna^ 
apar in water. 

M. Marcet gave an account of a memoir, published in America by MM. Elliot 
and Scherer, on the purity of zinc. The purest of all Ls that of Old Mountain, 
and next the zinc of Pennsylvania. On this subject, M. de la Bhre announced 
that M. DeyiUe baa anoeeeded in obtaining very pure aine by meana of diatiUar 
tioOf and that he has, moreover, discovered a process Ibr procuring it in a Ytrf 
' pure state from the sulphate of that met^il. ISL. I'avre referred to some new 
experiments of^I. H. Deville for the production of iirtiticial minerab. He has 
succeeded in producing tiuoride of aluminum and staurotide, and has ascer- 
tained that a yery amall qnantitj of the fluoride of ailieon will mineralise a very 
conaiderablc masa of base. M. P. Morin communicated an abstract of an tni^ 
gis Avhich Ih^ has made of water from the fountain of Guillot at Evian. The 
rcssults are much* the same with those obtained by MM. Tingey and Pe?ehier 
from the water of Cachat. In the present case special attention was paid to 
the glairine and the bituminona aubstance containeid in the water of Guillot. - 
But one commnnieation baa this year been preaented on the anbjeet of lighti 
and for that the Society is indebted to a young phyaiciat who ia not one of its 
meraberp. M. Lneien de la Rive favored on the occasion spoken of, with 
an account of a new exjjeriraent on parallel (liii'rHction, in which he had studied 
the image of the sua. As he has aunouuced iiia intention of presenting a second 
memoir on thia anbjee^r I aball attempt no analyaia of the fbrmer, more eflpeet* 
ally as it would iuTolve detaila which the limita of this report will scarcely per- 
mit. Foi- a like reason, and because it has been already printed in the Bihlio- 
theqm Universeile, I restrict myseii" to a sing-le notice of the paper read by M. 
Thury to the Society, entitled, "Remarks on an article of biiiimaa'a Journal, 
relative to Speneer'a microscopes and the atmeture of the wood of the conifenB; 
and eoaaidetationa bn mieroaeopea in general." We all remember how naay 
important remarks on microscopea, and how many practical inatmetions, as pre* 
cisp as they are ufefnl, with reference to the present state of those instruments, 
are contained iu the paper in question. As to the pores of the conifera?, con- 
trary to the figures given by tiie American author, M. Thury has satiehed him- 
aelf, by direct oba^ation, that the thin membrane which, according to aoBM 
naturalists, forms the base of these pores, really exists, and the organization 
remarked b}' M. Clarke in the old wood can be only the reaalt of an alteration 
of the organs. 

NATURAL SCIBifCBS. 

In eommeneing a re^ew of this branch of the occupations of the Society, 
geological conmiunicatlonB are thoae which fuat preaant themaelTea. Frofasaor 
Favre^ having hitely Tinted' Amiena hi Pfcardy* gave the xeanlta of hia ezflo- 
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lafionB, and sabmitteft some of the inetntmenttf cot from Bilez whieb 

in tlie quaternary formations of that precinct. These axeS; as they are calledy 

occur in the bed of gravel Avhieh also contains tlic bones of animal species now 
extinct, in the bed of white sand whicli overlies the stfiitum containing them 
he met with a geode compoiied uf well-delined crystals of hyaline quartz. The 
portion of these crystalSf as M. Favie mamtainB, ahowB that thej were fbmied . 
liace man has inhabit(Kl the earth. This recent origin of the quartz would ex- 
plain how crystals of that substance come to be fonnd on a projecting point of 
one of tiie axes*exbibitcd to the society, since they could only have been formed 
after the trauulatiun of the gravel and the axes. 

Fkmq the same coUcague we received aa accotuit of eome geological obser> 
vatiooB which he haa recently made In Manrienne. On the right bank of the 
AiOt between St. Jean and the pass of Eocombres, ho found that the forma- 
tions were folded or hvnt like tho bottom of a boat, wh-le the rock of the coal 
formation comprise'l b r \, ; en the former locality and liie tunnel of the Alps 
presents, on the couuary, a sort of fan-like structure, and a vault in the eastern 
part of this Tast group. From these observations he condndes that the forma* 
tion which contains the anthracites between St. Michel and Modane pertains 
to the trac coal formation, that it is covered by the triasslc rock, and that the 
liassic and uiimmiilitic strata occupy* in relation to the other formations^ the 
aame position as in other countries. 

A statement was also given bj M. Favre of the observatioiia and experi- 
nsQtB of M. Danbr^e on metamorphism, whereby the latter has shown that* in 
expkuning this class of phenomena* the action of water is to be taken la i i: 1y 
into account. With these result? of M. X^anbrde our colleague collated tlie dis- 
covery of M. Sozby of the existence, in ail granitic quartz, of myriads of small 
cavities, tilled, some with gas, others with liquid. He further called to our 
Dotiee a diseassion which had arisen in the Greological Societf of London. M. 
Horchiaon has observed, over a great extent of Bcotlaiid, gneiss resting upon 
quartz, even argillaceous schists and limestone resting upon granite. This im- 
mcuse group could not owe its origin to a local inversion of strata, liko those 
observed here and there in the Alps. M. Nicol earnestly contested the exist* 
ence of 1Mb overlying gneiss. This report gave occasion to M. de 8anssare 
to remark that M. Logan has described tiiie; superposed gneiss aa existing in 
Canada to such an extent as to exclude all idea of an inversion. 

At our last meeting, M. Favre recounted an excursion which ho had made 
with M. do Moriot to the cone of erosion of the Tiuiere, near Montreux, and 
explained the theories of that savant on what he calls the Koman deposit, four 
feet below the present sniface; the deposit of the age of bronae, six feet be- 
lovrthe f(Hnn6r; and, ten feet lower still, the deposit of the age of stone f together 
with the reasons on which he founds those distinctions and n>imp«. 

The Society has been favored by Professor Pietet with numerous corarauni- 
oatiouii relative to paleontology, of which the following are 'the most important. 
Tmtt a notice on the snccession of cephalopod mollnscs* during the chiUk period* 
Ml the region of the Swiss Alps and the Jura. He derives from a detailed study 
of the fossils contained in the cretaceous strata of Ste. Croix, and their compari- 
son with cotemporaneons repositories, an argument in favor of the idea pro- 
. pounded by M. Barrande, that two successive faunas must necessarily have ex- 
isted together for some time, and he concludes by showing that paleontological 
fimnas distinguished throughout by marked characters are not ordinarily sus- 
ceptible of any rigorous limitation. M\h Claparcdc and Favre took occasion 
to remark how much the eonelnslons of M. Pietet must in future complicate the 
^k of the gcoloG^ist who miuertakes to determine the age of a formation. 

Led by his study of the nc'ocouiiau fossil;? to determine a great number of 
fiagmeiits of unrolled cephalopoda* M. Pietet has attentirelj considered thtir 
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eepta, and has found that ther6 is no connexion between tlie form of fliese 
tepte and the generie cliancten. On the contraxy, he has arrived at tbis 
nnexpected fact that the septa have undeigone what might he called a sort 

of geologicnl evolution. Their form is a chamcter not of the ppecicB, but of the 
epoch in which llie cephalopod was alive. M. Pictct recognizt's the two follow- 
ing laws : 1. All the neocomian species have the superior lateral lobe divided 
Into nneqnal parts; 2. The jpronoirtiops of the inferior lateral lobe nay irith ' 
the geologie 'age. H. Pietet fmtner informed as that near Montiers, in Switaer* . 
land, occurs a site analogons to that of Mauremont, formed, that 13 to say, by 
the fauna of the basin of Pari^, in superficial rents or fissures. Below, in the 
Jurassic formation, bones of the Megalosauros have been discovered i a fact of 
interest, beeaose that reptile constitated, with the IguaAodon and the IleoflonniBy 
the only great terrestrial reptiles of the jnzaBSte piuiod. At Mauremont have ' 
been found a jaw-bone of the Bhagathenum and a tooth of the horse and ox, 
resppctivelv — tpf^tli, which have evidently proceeded from an infermixtiire later 
than the eocene fauna, which, till now, has been found in Switzerland free irom, 
all accessions. 

We owe to the same eolleagne an analysis of a memoir by U. Besor, relativd - 

to the question of the fossil man. The anther combats the opinion prononneed 

by i\r. Pictet, that there has been no appearance of npw ppccies since the com- 
mencement of the quaternary epoch, but only extinction of species. To prove 
that during the quaternary period new species have appeared, M. Desor remark* 
that certain fishes, partieniariy the Cyprinm iAit*, are found only in the lakes 
of the north of Italy, and these lakes having been filled with ice daring the 
glacier period* the creation of the fish must have been subsequent. M. Pictet 
refuses thi? remark by observing that when two identical fishes are found in two 
basins without communication, w e have recourse, in order to explain thiii fact, 
to any other hy^thesis rather than that of a special creation for each basin, " 
On this occasion M. de OandoUe called attention to the great difficulty which . 
exists* in some ca^^es, of comprehending how certain aquatic plants could have 
reappeared on our lakor' nftfr the g;lru'u r period ; though M. Wartmann was of 
opinion that their seeds might during the interval preserve their germinative 
faculty. * 

M. de Saussure exhibited die skull of a stag, found In a canal at !LongmaIIe ' 
(Geneva,) and presenting astrikiilg peculiarity; it bears the mark of blqwB 

given with cutting implement- , and the antlers have been separated by a Rtroks 
of a liatchet. It is probable tiiat this skull w^as buried in the sauds on the bor- 
der of the lake in the same manner with the bones which are taken from the 
lacustrian sites. Our colleague also submitted to the Society some observatioBS 
made in the pass of Bernardino in Oregon. Here are to be seen vast extents 
of rocks smoothed as if by glaciers, though without sizits ; the smootiineas being 
attributable to the action of the sand M-hich, in those re^on?, the wind trans- 
ports in great qnan?iti(>r^, while all the edges of the rocks exhibit channeliings , 
m the direction of the prevailing wmd. 

M. de Loriol, then a free associate, presented a memoir on the fossik of the 
middle neocomian of Saleve. This neocomian has a peculiar fades, character* • 
izcd by the AmmonitcH radiafus, which might bo named the Jurassic fades, \ 
becaupe all the depor^its of the Jura pertain to it. The neocomian of the Voi- 
rons and of Jlole pertains to the alpine fades, with the deposits of the Alps, 
which possess characteristic fossils. These two ^octet often meet side by side . 
In the south of France. For four j^ars MM. lEietet and Loriol have been col 
lecting numerous specimens of the fossils of Sal6ve. The latter has distiu- 
guished 138 species of invertebrata pertaining to l^f ollu.scs, Annelida, Echinida 
and Spongiaria. Thus far he has met with no Polyps. In g^eneral the pre- 
servation of these fossils is imperfect, specimens invested with their sheik beiJig 
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seldom found. A large number of inaide moulds* espeiuaUj of llonnaltSt oflfer 

a Bin^ar peculiarity. Oertaia portiona of their surface are covered with ser- 
pnla3 and encrusting bryozoa, whicli have evidently lived on these moulds. 
The middle ueocoiaiau of Saleve may be divided into six strata, which present, 
paleoutologicaljiy, certain differences, but which contain an assemblage of fos- 
sils pertaining to two distinct &anas» both euefnUy described and cbaracteriBed 
hy U. Loriol* 

In anf?wer to some objections of M. Favre to the epithet alpine as applied to 
the neooomiaa facies of the Voirous, M. Pietet pointed out that there arc in tlio 
neocoiniau two very distinct tj.unasj one of which occurs in the Jura and 
ihtoagbont France ; tbe otber, whose fossils are wholly different, commenees 
at Sentis, traverses the small cantons, the Beniese Oberland, the canton of Fri- 
bourg, and extends to Chatel St. Denis and Bex. It is again found at the Voi- 
rons, at Mole, whence it stretches along the Isere. traverses the higher and 
lower Alps, and following the prolongation of theae mountains reaches Padua 
and Venice. This fauna is cbsxacterized by great numbers of unrolled ccphal- 
opods. There are pomts of, contact where these two fannas meet, as if by digi- 
tations. Sal^ve forms a jnrasdic digitattoa, the south an alpine digitation. 

Botany has not, this year, played any considerable part at our meetings. M. 
Claparcde recounted the new experiments of M. Pasteur on fermentation. This 
savant has observed that the inlusory animaiculcd which are developed in fer- 
menting liquids continne to live when deprived of oxygen. But In tne opinion 
of all microscopists, these pretended animalcules are in realUy T^etables, 
which should be classed with the semi-cellular algfc. 

Professor Wartmann communicated tlie result of experiments which, at the 
request of M. Thury, he had made on the influence which excessive cold exer- 
cises upon seeds. Seeds, some of which had been exposed fbr a half hoar to a 
t^perature of 57** centigrade, and others for twenty mumtes ^ one of 110°, 
vegetated, when sown in spring, as well as the seeds of the same species whieh 
had been protected from cold. It results that the greatest cold we can pro- - 
ducc does not destroy or even enfeeble the vitality of seeds. 

M. Caslmir de Candolle, who was not then a colleague, read a memoir on the 
artifidal prodnction of cork, which he has had an opportunity of observing 
daring a sojourn in Africa. This paper having been printed in the sixteenth 
volume of the Memoirs of the Society, which will contain the report I lin vf» now 
the honor to present to you, no analysis of it is necessary. Your pre i 1 iit ha3 
also had the privilege of making some communications to you. I submitted to 
yon my researches ^specting the fiunily of the Hypoxylese, (Pyreminycetest 
Fr.J and endeavored to Amw that to this entire group of fio^ should be 
applied the same principles of classification which I have adopted for the 
tnbo of the Hysterineae. This memoir being but the development of § 4 of the 
paper which you have caused to be printed in the sixteenth volume of our col- 
lection, I refer to that paragraph all who may be interested in the subject. X 
took occasion to bring to year notice the ooservationa K. de Baxy on the 
Ojfttapua CMUliditft a minute Uredinea, which forms white spots on the leaves 
of the Scorzonera>^, in the spores of which the Professor of Fribourg tells us he 
has seen, when they are sown in water, the formation of zoospores furnished 
with two fiagellary cilia. M. de Baiy also tells us that, in certain conditions, 
he has seen soospores formed in the tabes issumg from the ^res of the cham- 
pignon of the potato, fPtnmotpora devasUUrix.J I communicated to you, in 
the last place, the rcBcarches of M. Hicks on the gonidia of Lichens, from 
which it would seem to result th.it a multitude of pretended aerial Algaa, 
described under the names of P rotococottst Falm/oglxa, Sfc., are but stages of 
development of these gonidia. 

S<mie TeiT interesting cQ|nmmi]eations on zoology have been reoeived by the 
Sodetj in the coarse of the year. By M. Olaparede onr aittentioii was called 
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to experiments conducted in London, hj M. Marcet» with a view of determin- 
ing whether tlip toxic action of alcohol makes its iraprespion on tho hrahi 
through the medium of the circulation or of the nerves. The expuiimenta ia 
quesliou show that the circulation is the essential intermedial^. Our colleague 
nirther laid before ve the nmdt of lemarchee, in winch he has he^ engaged 
for three jean, on the evolution of arachnida in the egg, and aeeompanied 
his developments with several phates. A detailed analysis of this rcmarkablo 
memoir "would involve so many particulars, and necessitate the use of so many 
technical terms, that I am with reluctance compelled to forego it. The resolt 
of 1^ phenomena imports ihsit the embryo or^inallj foiled np on the ha^ k 
in the end rolled np on llie belly. To this memoir K. Oli^azede added some 
expressioii^ on the utility of these embryological investigations in the oompanson 
of the appendages of the gpidcr with those of other arthropoda. He shows 
that the protognathd or Ibrciples of the spider are komoiogues of the antennte 
of the larvsB of insects and of the antenns of the second pair of the Crustacea* 
while the deutosnaths are homologneB of ^ mandiblee of llie erostaeea and 
of insects. M. Claparede also presented us with some drawings of animals bat 
little known, which he had observed ia the Hebrides. The lirst of tlicse are 
representations of two species of worms of the group of the Sipuucuioidffi. 
Another represents an ActinotrocJm bramJiiutat a marine animal for which 
hitherto no place has been found in any divislan of the animal kingdom. K. 
Olaparede snsneets this strange looking creature to be the larva of a worm. 
Lastly, our colleague gave us an account of tiie physiological researches of M. 
Voit in rei^ard to the pearl Unio, and explained the reasons which render doubt- 
ful the respiratory functions of the pretended branchia of the Lamellihranch. 

M. de Gandolle presented, on the part of M. Guerin-Menneville, a report oa 
the attempts made for the acelima«ation« in Fnmoe and Algters, of ^ silk^wen 
of the Ail an thus, (BombycB cynthia.) 

M. de Saussure continued his communications on the natural history of 
Mexico. Tie spoke first of the Vampiridfc, cheiropterous animals with a pecn- 
liar membrauaceous foliation seated on the nose, and showedi as specimens, 
'diose particnlaily of die Mormopti* BUemoiUei, which, till now, were fbnnd ia 
no museums but those of London and Berlin. lie afterwards described a Cear- 
turio, with a face siugularly distorted, and withal more obtuse than that of any 
of the Mammals, man included, but with a skull so greatly flattened as to pro- 
duce a resemblance to the frog. ' M. de Saassure further presented a Goati, of 
which a new species of late 1ms been emmeonsly £»rmed. 

From M. Uumbeit the Society received some very interesting statemenb 
with respect to his explorations in Ceylon; and first, in re^ud to many speciea 
of terrestrial Planarisp, of which he exhibited drawings, and several of which, 
discovered by M. Humbert, are distinguished by the malleiform or crescent- 
shaped enlargement of their anterior portion. M. Olapaiede followed this com- 
munication with some remarks on anatomy 4^ one of these speciea. M. Hns- 
bert proceeded to give some particulars respeotaig the land leeehe8» whiehiie 
very common, and not a little inconvenient in certain parts of the island — so 
common, indeed, tliat it is imj)0S8ible to keep goats in such places. At another 
meeting he gave an account of the general aspect of the ornithological fauna of 
Ceylon, and exhibiting numerous specimens, described the habits of the caxiois 
birds which he placed before us. 

I shall have concluded the portion of my report which relates to zoology 
when I mention the memoir read at our last session, by M. Victor Fatio, ou the 
different varieties of frogs which frequent the environs of Geneva. In this 
memoir, which is accompanied with colored plates, the author describes, under 
the name of Bona gracUu, a new Bpecies found in the marshes of Puplmg^ 
and produces some Sjoa apeeiniens of it. « 
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The foregoing is but a colorlem Bketch of the tnumetioiiB of the Society 

during the year which terminates to-day.* Yet, however incomplete, it may 
Bufiice to show that among the members* of this association the love of Bcience 
and of labor has not diminished, and that it continues to procure, for minds 
capable of appreciating them, those pure and elevated pleasures of which the 
Btody of the worics of die Greater is on inexhaustible Mratoe. Ifay He who has 
^aeed as in a oonntry so rich in saljeets of research and meditation continue 
to preserve you, that by yonr example and instruction you may encourage 
those who follo-vv you in iitu to strive likewise to lift some of those veils wliich 
still hide from us so many mysteries, and worthily to iiil the vacancies which 
tiie will of God acoomplhbee m our n^t. 

We have this year had but a single lose to lam«at—that» namely, of onr 
senior member, Prof. Maunoir. We have not of late seen, him at our scions, 
but the former records of the Society attest the intor(>«t with which he retrirded 
its proceedings. In the brief sketch which I cun here give, and while re^aet- 
ting that the office of commemorating his emiueut merits has not fallen to some 
one better qualified* I shall be held excused if I touch nrf^er on those works 
of our deceased colleague which bear a dureet relation to the physical and nata- 
ra] sciences than those pertidning to the srt whidi he pmusticed with so mush 
distmcuon. 

Jean Pierre Maunoir was born October 10, 1768, at G^iova, and was led at 
an early age, in the pursuit of his surjgioal studies, to visit first Paris and 
afterwards England. ' The fiist publication by whieh he became known was 

published in 1812, and was entitled PAytiological and practieal memoirs on 
aneurism and the ligature of the arteries. His reputation was still further 
extended by his writings on the organization of the iris and the operation for 
• artificial pupU, in which he demonstrated that the iris is composed of a double 
muscular system, of fibres disposed in radii, proceeding from the larger border 
of tibe iris towards the centre of the pupil and of circular fibres surrounding 
the pupil like a ring. He applied his views on the function of th rliffcrcnt 
fibres to tlie operation for artilicial pupil, and succeeded in a great number of 
- cases in obtaiaing pupils whose form was exactly that which was indicated in 
adronee by the arrangement of the mnscular fibres divided. The reputation 
which these publications procured him was advanced to a still higher point by 
the address, the skill, and the presence of mind which he brought to such deli- 
cate operations as those which regard the sight. I pass over various disserta- 
tions by our colleague on pubjects of surgery, ou the medullary fungus and 
hematodes, (18^0,) on hydrocele of the neck, on amputations and immediate 
veunion, on cataract and the means of remedying it, in order to notice an essay 
published in 1842 on the adjustment of the eye to different distances. He 
attributed this faculty to a change of form in the ocular globe produced by 
the contraction of the external muscles. The recent progress efiV cted in the 
anatomy and physiology of the eye no longer authorizes us to admit this con- 
•elusion, hut teaches us to seek tlie explanation of the phenomenon in the inte- 
rior of that organ and in the movements of the crystalline. The diversified 
labors of Maunoir procured him many honorary distinctions. Without speaking 
of the place he occupied in the scientific societies of Geneva, I shall merely 
recall that he was a correspondent of the French Institute and an associate of 
a great number of leaiued societies of the highest distinction in Europe and 
09^11 in America. He loved science in all its branches, and those of us 'who 
vememher his attendance at oar meetings will not have forgotten ll&e intelligent 



* (Jane 13, 1861.) It should be added, to justify more folly the expressions above em- 
ploy' <K tliat many publications by members of the Sodeljt and sonMOf them anunig the 
most uuportaut, are not mentioned at tliti uieetiugs. 
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interest witH which he addressed his inquiries to the authors of the mcmQin 
there resul, in order to develop a clearer idea of the theories advanced or the 
facts recouuted. Nor will they fail to recall the kindliness of his mamieis, the 
promptness to oblige, and the perfect good-wiU which marked all his conduct 
towaxd ius col1c»gwflB« It was on ihe 17th of Janiuuy last ihAt lie terminatedf 
at the age of 98, his long and admirable career. 

Tlio lo38 thus siiBtamed by the Society has found a compensation in the accps- 
siou ot two new members, MM. Perceval de Loroil and Casimir de Candolle. 
In connexion with the latter uouuiiatioQ, it may not be amiss to say that uo 
moie agreeable dnjtj coold have attended the duehaige of mj fbnedons ai 
president than that of signing the diploma of memheiship of the son of the 
excellent colleague who is to succeed me in this chair, and grandson of the 
distill p'ui^'bed master who once honored me with his counsels, his instmetioiu, 
and his friendship. 

After what was said by my predecessor, M. Pictet, in the annual report of 
1860, respecting the incorporation into onr body of the Free AMioekUett I need 
only add that we have had no cause to rc<prct this change in our organization. 
The rcgnlnr nttenrlnnre of several of them li i- contributed much to the inte^ 
est of our sessioDB, and we may liope that, tli^ will in future take even a 
still more active part in our deliberatiuua aud enhance their favors by occar 
Bional commnnieationB. lAIas, while writing these lines I cannot foiget tluft 
two of the names which we had gladly inscribed on onr lists will next year be 
no lonf^cr found there, and that the void which they leave is but an imperfect 
symbol of the greatness of the loss, not only to their families and frir nds, but 
to the community aud the country. The two free ai^sociatcs whom we m 
longer possess are the former syndic, M. Barde, aud J)i, EiUiet. 
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O-BNTLBMBN : III preBenting, as a role of the Soetetj requirea, a leviow of 
its transactious during the past year, I find my task singularly facilitated hy 

the exactness with which jonr procppdhi;:^^ have hc(?n recorded by otir learned 
secretary, M. Claparede. Yet I am sensible that, as regards the relative Icugth 
of the articles, the same rule will not apply to hia labors and, to mine. An 
analysis, however abridged, of manoiis already published or about to appear 
Ib the forthcoming volome <^our series, would tie little lees than absurd. Oar 
xeporta are addressed to men of special culture, who prefer to con.sult the origi- 
nal work, and are by no means embarrassed by the necessity of recurring, for 
iii:<taiici', to the Bibliotheque U/iii^erselle, or the Memoires of our Society.' I 
shall, therefore, simply indicate in many cases the place where disserlAiions 
are to be found which oocapy a large space in oar records, while other motives^ 
irill indnce me to pass rapidly over certain communications which possessed, 
at the moment, a lively interest. I speak now of tl;r> i'aformation given respect- 
ing discoveries made in various countries respecting new works and the opin- 
ions delivered by learned men on controverted subjects. Communications of 
this nature, always nmnerons and varied, while tiiey keep us apprised of the 
ptogresfl of science, and assist us in forming an opinion of men and things, 
nave in them either nothing original, or if anything original and of intrinsic 
interest, it consists hi the opinions pronounced regarding some work or method 
or theory ; and it is obvious that, in order to remain habitually frank and un- 
reserved, appreciations thus yerbally given should not be m£Mdo public. One 
of the charms of onr association consists in conversation upon onr own UboxB 
or those of learned foreigners. Let us preserve for this part of our exercises 
the advantage of being undivulg^d ; it ia one which, to a society like ours, 
limited, contidential, and luiotlicial, it w iihl be annoying to lose. 1 shall pro- 
ceed now to enumerate the series of our labors, classing and abridging them, 
and also suppressing mach for the reasons jost assigned. 

ASTRONOMY. 

To Professor Gautier we are indebted for an account of the observatories 
of Zurich and of several cities of Germany which he has had an opportunity 
of examining in detail. He has also, in numerous and varied communications, 
kept us informed of the advances made in astronomy. His views respecting 
eometa* have been developed and completed in reference to an article in the 



* Res»m6 de diver a travaui rScents nlUl^t muc MIN^fat. (BiUioth Unlv., ^AxohiVBS dsS 
Sc. VhjM. etNat., Fevrier, im.) 
18 8 



Digitized by Google 



274 



FBOC££DINOS OP THE SOCIETY OF 



Biblioiheque XhiveraeUey published dtiriug the present year. Ooload Gaotiec 

also favored us with observations made by himself, particolarlj' those ralativB 

to the solar eclipse of 1860 ; while Proff ssor Plantamoar has continued to insert 
in our Memoires \hL series of adtrouomical obeerrations made at the obeenr*> 
tory of Geneva.' 

PHYSICS. 

Is it among cosmic phenomena, or those which fall within the province of 
terrestrial physics, that we should class the aurora borealu? Tiiis question is 
no longer an open one t^iuice our learned colleague, M. de la Hive, has made it 
the snbjeet of bis profonnd veeearelt On differant ooeasioiiSt and espeeiany in 
an extensive memoir now in course of publication in our colleedon, he has fur- 
nished the proof that the boreal and austral auroras are a phenomenon produced 
in the highest region of the atmosphere by the encounter of opposite elec- 
tricities. The higher region is habitually charged with positive electrici^, 
while tiie earth is ordinarUy negative, and the lower atratnm of the air aeta aA 
an Isolating medinm. The winds drive the electric vapor towards the two 
poles where the discharges take {daee. M. de la Btve holds that, accordiof; to 
tlie laws of terro'^trial magnetism, an equal conductihility of tbo maritime or 
wet snrfiices being assumed, the manifestations ought to be Bimuitaneous at 
both poles, and he insiets that observation had ui fact couiirmed this simulta- 
neonaness. In order still better to demonstrate \Sb theory, our ingenlons col- 
league has had an apparatus constructed representing the terrestrial glohe* and 
so arranged as to be capable of realizing all the conditions of magnetism ; and 
with this, by the application of electricity, he has produced the different phe- 
nomena of the aurora, its glimmering light, lis luminous jets surrounding the 
poles, &;c., exciting the admiration even of those who take little interest in the 
- theoretical question or the difficulties neeessary to he surmounted in procuring 
so decisive an imitation. In this apparatus, constructed at Geneva« in the 
atelier of Professor Thiiry, and under the direction of M. Eugene Schwerd, a 
sphere of wood represents the terrestrial globe. It is so contrived as to pro- 
sent at the extremities of its horizontal axis two magnetic poles, around which 
the disehaiges of a Buhmkorff apparatus produce luminous effisets. The suT" 
&oe of the glohe having been moistened, is covered here and there with small 
metallic plates, from which proceed wires terminating in a galvanometer at 
some distanco. The deviations of the needle, when thp pol^ir discharges take 
place, are analogous, in their minutest phases, to those mauileated in the com- 
mon telegraphic apparatus during an aurora borealis. A peculiar arrangement 
allows of the artificial reproduction of the perturbations of the magnetic needle 
which accompany the auroral phenomenon. The memoir of M. de la Riv3 
comprises a discussion on the nature of thc?c perturbations and on the rlirrction 
of the electric currents to which terrestrial magnetism is attributable. It is 
enough to announce these iuvestigatioaB to attract to them the attention of 
physicists. 

M. Wartmanut senior, heing, in September last» jit Gologny, and therefore at 
a certain elevation above the left hank of the lake, several times observed, half 

an hour after the setting of the sun, singular effect? prorlnced by mirage. On 
the other side of the lake, or rather towards the middle of it, an island would 
make its appearance, presenting ranges of trees in a reversed position, while 
heyond this isle the lake retained its usual liquid appearance. 

Fkofessor Wartmann, junior, repeated before the Society the recent experi- 
ments of M. Plateau on bubbles of soap, of varied forma as well as much per- 
BisteTicy, obtained by mixing with soapsuds a small quantity of glycerine, and 
causing the bubbles to attach themselves to iron wires arranged in different 
manners. At a subsequent session M. Wartmann exhibited an apparatus oi 
tihe same kind* atiU more varied, so as to produce more peiliBctly than byfoimer 
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processos the pLenomena of coloration in extremely thin sarfaces of the liquid. 
The dark part presents not more than y— j-^ ^(T * millimetre, whence we may 
conclude, says M. Wartmann. that the radius of the fienaible activity of molecU' 
lar attraction k below aW^o ^ millimetre. 

M. de la Bive anbimttea to inspection a minimiim thenDOOMter of GaseUa, 
an ingenious instanment, in which, instead of a movable index, tbere is a lateral . 
reservoir adroitly -constructed, into which the mercury flov-n ^vhen it rises. M. 
P. Plantamour described to us the injector of GilTart, desijrned as a pnbstitute 
for the supply pump iu steam-eugiues. M, Eugene de iiorsier exhibited a 
entet taken nom boilers of those engines, whidi la impenetiable by walert 
and thus gives rise to accident . 

Our resetted coHeague, M. Hitter, of whom I propose presently to speak, 
had presented to the Society a curious memoir* on the j^amut of the mathema- 
ticians compared with that of the musiciaus. M. Alexander Frevostt subsc- 
qnently analyzed this memoir, and, after deducing from it certain consei^uences, 
preceded to eompare tiiem witb tire opinions and practiee of morieians. Both 
memoirs having been published, we merely indicate them- to tbe Sftvanta wbo 
interest themselves ir^ questions of this nature. 

Professor Phmtamour and M. Hirfch, director of the observatory of NeuchA- 
tel, have commenced a series of observations to determine the relative position 
of Ckneva and Neneh&tel, by avaittng themselves of the eleetrie telegraph. 
Via highly improved instruments would have yielded satisfactory results had 
not causes arising out of the state of the sky and of the telegraphic lines inter- 
rupted the proceedings. The observation from Neuchatrl to OeTiova j^?ive & 
difference of longitude amounting to 3' i2"J22 ; but when the observers would, 
have changed their stations, in order toeUminato the personal equation, the sky 
had become overcast, and a derangenmt of the line prevented a proeecutioa 
of the w(5rk. The meteorological observations of the Great St. fiemaid, eome^ , 
pared with those f^f Geneva, have long been a subject of investigation, hut snc- 
cessive improvemeuLS in the systems and processes of observation had rendered, 
desirable a comparison after the lapse of the last twcuty years. This hub been 
undertaken by M. Plantamonr in a fint memoir relative to St. Bexnardt piib-' 
Ushed in the Bibliotheqtte. U/ripeneiUt January, ld6S> nnder the title of Moiet 
on the periodical variaUont of Umperaiure md atmotphena pnumi€ tk^ 
Great St, Bernard, 

A memoir bv H. Ch. Martins, on the increase of temperature during the night, 
above the snrnce of the earth to a certain height, has given occasion to M. 
Marcet, who had been pre^onsly oecnpied with this subject, to make new ex- 
periments. They have confirmed certain differences which he had remarked 
betw< «Mi ]n's owii facts nnd tliose observed by M. Martins at ^loutpellicr. A 
new series of observations was undertaken by M. Marcet with the view of 
dctcrmiuiug whether the decrease of temperature exists above an aqueous sur- 
ikee of great extent He aseertained that the phenomenon does not oceQrabov» 
wat^* and that it is even scarcely sensible in the immediate neighborhood o£ 
a large liquid surface, so thnt in effect there is, at tlie moment of the setting 
of the sun, a difference of from 2° to 3° between tiie temperature at a certain 
height above the land and above the water. The memoir of M. Marcet wae 
published in l3ie BSUk^kegmt Umttene^ Novmnber, 1961. 

M. Soret has visited the glacier of Shafloch, whidi M. Thury had examined, 
the year before, and remarked the aureola structure previously noticed. He 
observed, moreover, tliat the entire surface of the ice was covered with small 
striae nearly parallel in each aureola, but not having thfi-same direction in the 
Afferent fragments. These small striae, which were also^ observed by M. Soret 
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in some partB of the ice of the glaciers, might be compared, as regards appear* * | 
ance and size, to those presented by the skin at the extremity of tlie fingers. 

The river Orbe, from observations of M. Chaix, has not the same tempera- 
ture with the lake of Brenets; the lake showing, July 4, 1861, 18° at amther 
shallow point, and tbe Orbe 11** at the point ox ita iasoe. Xhia ia attributed 
by M. Chaix to four affluents, with a temperature of about 6^ degrees. 

General Diifour brought to tbe nptice of tbe Society operations in proj^?? 
on the tcrritoiy of Switzerland for the meaauremmt of au arc ol' the mcridiau 
directed iirom northern Gcimauy towards Italy. 

H. Henri De Saaatttre exhibited a chart of tbe environa ef Mexico, drawn 
from obaenratioiia of hh own eombuied with former mapa. 

OBOLOOY AW» PALBONTOLOOT. 

I 

Several geological cbarta in conrae of publication bave been commmucated 
to na. One of them is the topographical chart of the canton Vaud, on a 
acale of -rirtiro * ^^^^h the government of that canton has ordered, and the 

coloring of which on geological principles hixn been comminfd to M. Rencvier. 
Another relating to the geology of Savoy has long octi:{u< dtbe attention of | 
M. A. I'^avrc, who favored us with a view of the tupogrupiiical chart wiiich is { 
to aerre faim as a b«ae» aa well aa a chart of tbe environs of Hont Blanc, geo* 
logically colored by band. An account was given us by the same member ol 
the meetiug, last year, of the Geological Society of France, in Savoy, and of 
tbo researches of M. llecr on tbe climate and vegetation of tbo tertiary epoch, 
a subject which has also been discussed by one of our o\\ n members in the 
Bibliotheque Universelle.* We are further indebted to M. Favre for a view of 
certain plates deaigned to popnkriaie the Ideaa and £actB of geology and phyai> 
cal geography among the £nglish people, ^mong co^municationa relating to 
tbe pnrFuits of different pavants, 1 mur^t Tiot forget an interesting account by 
Dr. Clapaiade, t of observations made m Sweden and Isorway, on x\w pucces- 
aion of levels in the Scandinavian peninsula, and on the crustacea discovered 
at the bottom of lakea, after existence had been predicted ; the lakes having 
been heretofore in communication with tbe aea, and being even below it. These 
Crustacea have been found to be analogues of, or sinwar to, species exbting 
further north in tbe polar seas. 

The mountain of Sal^ve, explored by Dcluc, Do Sanpsurc, Necker, Alpli. 
Favre, and so many other geologists, and which is known among the Geuovese , 
as mountaia," so great ia the partiality with which thej regard it — otitis 
mountain haa in die comae of the year Jbeen the scene of unexpected discoTcriea 
and observations. 

In their casual walks, j^IM. Grasset, Cbomel, and Kevon had observed four ! 
caverns situated above the village of Coin, and had brought aw ay some boues \ 
and fragments of pottery, which seem to belong to the epoch called the a»e of 
bronse. Fkefessor Thuxy, on this discoveiy, caused excavations to be made ia 
one of these grottoes, and found, at the depth of half a metre, the remains of a 
fireplace or hearth, with tracks leading to it. IIcsuppoj«es that some of the an- 
cient inhabitants sought refuge in these caverns, to (,'scape the consequences of 
an invasion ; and he proposes to prosecute his researches to more decisive results. 
It Is the position of BaldTe, however, which is perluups the most extraordiaaiy 
ftature of the mountain. It shuts in our valley witn a lofty calcareous ram 
part, forming a natural limit, which the policy of states has alone refused tc 
recognize IVT. Favre ba? determiued the cause of this abnormal position. 
Sal^ve stands in the continuation of a great anticlinal line— rthat is, of a lioa of 
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dfelocation and pUnemeni, dbtlngaiahable from the banks of the liar, in Bwrai- 

rla, as far as Lausaunet and coutiaued, according to M. Fayxe» by tlie uplands 
of Boisy, in Obablais, and by Mount Saleve. The direction of tbese points ia 
in a rig:ht line, as M. Fa\Te has shown on a geological chart of Switzerland. 
Thus the molasse has been cleft throughout th.i6 whole line, and the t^ubjacent 
jvrassic limestone been lifted up*— at no point, however, so high as on the site 
of 8al^v6. • ' 

One of the lASt excursions of M. Favre was around Mont Blanc, in which 
he especially examined the. Bis-Valais, and found at ^loat Chemin, near Mar- 
tiirny, belemnites pertaniiiig to the lias, which are found above the cargneule * 
representing the lias. He found on the mouutain of Maya, near the col Ferret, 
eduni and fragments of the branehes of enorinitea which charaetoriae tho np-, 
per Jurassic formation. The deposits in question are at about fifty feet from 
granitic rocks of Mont Blano» and are covered by considerable masses of crys* 
talline limestone. 

Proferidor F. J. Pictet read a memoir ou the unrolled ammonites of cretaceou.i 
formations. Till now these fossils have been found only in fragments, and it 
was easy to attribate to two distinct kinds, portions of the same animal. The 
author has pointed out many similar errors, which ha has been enabled to cor- 
rect by means of more complete specimens This memoir will form part of 
M. Pictet's work on Swiss paleontology. In a note on the parallelism of the 
middle' and upper cretaceous faunas, M. Pictet haa aimed to show that tho dis- 
tinction made by Orbigny, of eight cretaceous stages, although holding good as 
to large tracts* is insnmdent for the study of details and of the svoeession of 
Ikanfts. He compares the middle and lower stages of the Swiss Jura, the north- . 
west of Germany and the south of France, and confirms the ob-Ji^rvation of M. 
Ix)ry that the neocomian faunas dilfercd accordiug to their geographical posi- 
tion. Not that they have varied uniformly over their whole extent. By the 
side of numerous analof^ we see local dilferenees which evince either migra- 
tions or diS'erent, although simultaneous, physical influences. In the discus- 
sion which ensued upon the re.-vding of M. Pictet's memoir, some difficult ques?- 
tions of science were broached. Among other things, the proximity, sometimes 
considerable, of analogous foruiatiouis furnished with diifereut fossils, was spoken 
of, and fiicts of the same nature were pointed out by M. Olaparede in the dis- 
tribution of ejdsting fatmas, according to the depth of closely neighboring ams 
of the sea. 

The curions discoveries r f yi. Lartet, tending to prove tlif^ nrttiqulty of the 
presence of man in western Europe, were the Hubject of eommunicatioui* from 
M. Pictet, which he has published in tho Bibliotheq^ue Unioerselle for 1861.. 

Professor Thury stated his olneettons to the opinions of M. Kai-iot on tho 
time occupied in the formation of the cone of Tinere, at the eaajt extremity of 
Lake Lcman. He has attentively explored the valley whence proceeds the det- 
ritus borne towards the lake, and hi' doe^i not think that it can have furnished 
materials with the regularity pupposeJ. On the contrary, it appeared to him 
that the i^j^uautity of material removed, from the surface must have freijueatiy 
varied. 

ZOOLOGY. 

M. Pictet exhibited moulds from two akuils of gorillas, whose diversity is 
feufficieutly great to induce a suspicion of the existence of two distinct species. 
Dr. Dor presented important memoirs on rision, as well in man as in certain 
dasaes of animals. The author attributes myopy (shortpsightcdnesa) to a too 

great length of the axis of the eye, while the opposite imperfection (hyperme- 
tropy) result? from too short an axis. Ue has found between a myopic and a 
hypermetropic eye a difference of as mucli as fourteen millimetres in the length 
<t the optic axis. M. Dor carefully distinguishes the effect of age on the 
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accoiomodation and refraction of tlie eye. In a Bubsequent meiooir he has 
xeviewed tbe opii^cfiiB of H. Donden on wtignuitltiii or irrcgularitiflB of refime- 
tioa in the larger circles <tf tho oye, an bregohirity which always exists, more 
or less, but which in some ca^OA may consirlorably iiltor the vision. The irrpg- 
tilar curvature of the cornea is ordinarily the cause of it, but that ot ilie crys?- 
talline also exists, and the result is that eyliudric^d glasses of dift'ereut focal 
power may be eligibly employed. Numerous details are entered into respect* 
tag tihe O09ot8 of astigmatimi and the proper nmxa tar afoertainiiig the mmm, 
as well as sapplying a remedy by a judicious choice of glasses. 
t' Tlio compoisite eyes of arthropods form the subject of a ppeeial memoir by 
M. Dor, printed in ihQ BiblMtfmine Unircrsellc for Dccemlx r, I>^f51. in this 
the author, after reviewing the opinions propounded by auutomiiiiis, give9 an 
aeeouttt of diseok arperimeiits made by htaisekf on the, tnaumission m tangw 
through the oomea m sundry ineeetSi and cnires at tfie conclusion that cveary 
facet of the composite eye is .analogous to the single eye of one of the ▼etto> 
brata — the cnpuiiform envelojJe being; analogous to the retina. 

M. Claparede read a memoir on the oligochetouH wvams ot the environs of 
Geneva. These animals, having until now been little studied, have conse- , 
qnently presented a great number of ncnir spedes and cvim jtssw geoeni* 
Figurcs delineated by the author make ns acquainted with tome of them* bat 
his chief oljject has been to describe the Hingular modifications of the repro- 
ductive ajiparatiis. This apparatus, analofxon.s to that of certain annelida 
(Paehydrilut) previouslv described by our author, shows that the excretory 
organ of the m laments becomes now a tss d^rens and (m oviduct, and now a 
seoepthde of the semen. The oligoeheto live in. fresh wateir, b«t as marine aai- 
mab always offer a wider field to the xesearcheB of aoolo^ats, our learned sec- 
retary has not foiled to visit, as (fifn af circnmHtn^ice-i would permit, the shor(» 
of tlie ocean. A sojourn in Normandy has enabled him to study the Tnrbel- 
laria and the Tubularia, whose development and mode of reproduction oticred 
him some lemaifcable peoaliorities. As one of the froits of this ezonrsimi, he 
has designed a series <n plates relative to tlu embryology of marine wozntt» 
which were exhibited to this Society. Dr. W. Marcet communieated to ns 
from London the result of some observations which he has been makinjr on the 
gastric juice of the dog. When this juice is secreted under the influence of « 
cartilaginous bones, it contains a peculiar substance analogous to the peptone 
of Tiftftnann, 

BOTANY. 

Professor Marcet presented an analysis of the labors of M. Daubeny on the 
absorption <tf difieient substances, partioolarly poisonous ones, by the roots of 
plants, fBiMM, Omo. An^hiv, Sc, February, 1869.) M. Thury, who bos 
been for some time occupied with a treatise on vegetable physiology, reeapita* 
lated the experiments of diver? authors on the transpiration of vegetables ; he 
has repeated many of tliem, and among other results has satisfied himself tiiat 
the phenomeuou, as had been asserted, coulluues when the plant is placed in 
water. 

It has been said that the egret or tnft of ^e compositss is often se^Murated 
from the body of the grain, and hence does not favor the dissemination, as had 
been supposed. M. Thury, having observed on ono of ihn summits of the 
Jura large quantities of the grains of the Qiraimn trausporitd thither by the 
winds, ascertained that three out of thirty still bore the seeds with them. The 
compiler of the present report, being in habits of eoRespondenee with diyers 
travellers, communicated interesting letters from M. Sagot on the flora of 
Guiana, and of M. Welwitsch on the vegetation of the high country of Huilla, 
in the interior of southwestern Africa, (Biblioth. Unit'., 3\x\y, 1861 ) M.Duby 
gave an account of a memoii- pubiiished by M. Bail on an hypoxylon which 
propagates its myoelinm in the interior of aged tnmks of trees. 

f 

■ 
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M. J. Miiiler, of the cauton of Aaigau, presented au importajxt memoir on 
lifae elaasifieatioii o£ liehens and ob the epeelet of tiie enrbona of G^eva. 

The total namber of oar lichens azeeeds 500, which the author enumezatoa 
and given the dof^criptiou of 20 uew species.* The principles of classificatiott 
adopted by M. Miiller are analyzed and developed in the forthcoming volume 
of our Memoirs. There can be no doubt that it will attract the attention of 
Holienographers, seeing that this branch of botany has fallen into singular cou- 
fiwion resmtin; horn the xnnltiplicity of new cbaneten and novel ideas intro- 
duced into it. 

Local botany and descriptive botany scarcely adapt themselves to public 
lecturi!s ; our Bessions, therefore, give but an inexact id(;a of the researches of 
several of our associates in these two departments of the science. I shall 
content mjrself with mentioning that M. Benter has published in the coarse of 
the year a second and much aogmeuted edition of his Catalogue wtcular 
plants of the environs of Geneva, and M. Boissicr an important monognph of 
the tribe of tlio 'Euphorhice, in the fifteenth volume of the ProdromuB. 

De Candollk I^RIZE. — The quinquennial prize, founded by A. Pyramus de 
CandoUe, for the best monograph of a genus or family of plants, has this year 
•daimed the attention of the Boeiety. Contrary to what has heietofoie oe- 
eoned, our own countrymen have not entered into the c nxi|)ctitioa £»r it. Two 
memoirs have been received. One of these was from M. de Bunge, professor 
in th(^ University of Dorpat, on the Anabaseae, a tribe of the Salsolaceai or 
Oheuopodiaceae. The author having explored the shores of the Caspian sea 
and the interior of Persia, has there discovered several species of these plantB, 
and the afflnenee of the materials at his disposal has enahled him to compile a 
very complete ii*nograph. He has enlarged the number of genera from 
twelve to sixt'M'n. while that of species continues to be i^ixty, notwithrstanding' 
the a.-^signmeut of fourteen new species. Four charts or tables added to the 
text indicate the geographical distribution aud relative alhnities of the genera. 
The descriptions, given in Latin, are greatly developed. The seeond memoir 
was from sL B&yer, inspector in chief of the Austrian railroads. The author 
treats of the genus Tilla, in relation principidly to the numerous modifications 
of specific forms. He has tried a new system of notation, by letters, to ex- 
press the varieties and subvarieties, each letter indicatinj^ a certain modilication 
of character. This original idea deserves attention under a practical point of 
view. It is difficult to determine whether it would adapt itself to more nu- 
merous genera and to modifications of very different value which exist in cer- 
tain groups. The jury which you nominated to decide between the com- 
petitors was struck with the value of the two memoirs submitted to them, 
both seemmg to deserve hish approbation ; yet as there was but a single pre- 
mium to award, it was considered that the monograph of M. de Bunge possessed 
superior dii^ims on account of the numher of species studied, the difficulty of 
the analysis, and variety of questions examined. The Imperial Academy of 
St. Pcteri^burg, to which the author belongs, has equally riiipreciated the im- 
portance of his workt aud^ directed itf.to bo inserted in its memoirs. 

** 9EBaomiWL" OP TBB 80CIBTT. 

Since the last report our regrets have followed to the grave three of our col- 
leagues : MM. Elie Bitter, Ii. A. Necler de Saussure, and Louis T. F. Ool- 

ladon. The first, one of the most active and efficient members of the Society, 
fulfilled, for sixteen years, the exacting functions of secretary. When he re- 
signed that ofSce it was not with a view to withdraw himself from the claims 
of science and of our association j ou the contrary, he ceased not to furnish his 
regular tnhute of memoirs and communications on the most varied subjects. 
His treatise on the mathematical theory of music, of which I have previously 
spdcen, hat ft little p^oeded his death, which occurred March 17, 1862, in the 
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Gist year of his age. Devoted by choice to the career* of instruction, he had 
been regent of the college in the department of mathematica, and waa prin- 
cipal of the eemmary for young females since 1855. He ms ihwi led to the 
publication of elementaiy worket* which have passed throngli several editions ) 
hut his views were always raised to the higher regions of science, and the list 
of his works furnishes abundant proof that ho maintained himself onnolllfo* 
rior level iu mathematics as well a.A astronomy and physics. 

The two others whom 1 have named were emeriti of the Society. Louis A. 
Necker de Sansanre, bmli April 10, 1786, felt the influence thouA he did not 
^oy the personal instructions of his distinguished grandfather, Horace-Bene- 
dict de SauBsure. The school of that great geologist had already evinced its 
influence iu the exact experiments of Theodore the uncle, and in the judicious 
observation:*, though ditfcreut iu nature, of Mme. Necker de Saussure, mother 
of the subject of this notice. Nor did he himself delay in giving proof of the 
hereditary torn for science, his first publication, on the migration of birds, hav- 
ing been prepared at the age of 19 yeai^. Still later he communicated, for the 
memoirs of our Society, a highly iuterestinj;: enumeration of the birds of the 
environs of Geneva, a paper tilled with well-observed facts, and attractive even 
to readers unacquainted with ornithology. After completing his studies at 
Edinburg, iu 1807, a oeriod at wMeh he eoold scarcely escape the Inflnencea 
of the conflict which tnen prevailed between the partisans of Hntton and Wer- 
ner, he tiaTdled in Scotland as far as the Hebrides, and formed a taste for the 
wild scenery and hospitable society of that country which evinced its force at 
a much lati r period of his lite. (Jn his return to Geneva, he gave to the pub- 
lic in three volumes au account of his excurbiou to the Hebrides, which were 
then bnt little Tisited, and while availing himself of the grea^ variety of olgeeta 
to add a more popular charm to his work, fails not to give proofs of a BjpAt 
kindred to that of the author of the Voyage dans les Alpes. In his memoir on 
the Valley of Valorsine, published in 1828, which I regard as one of the best 
of his works, he still occupies the same held of study and of ideas with his 
celebrated aucedtor, while in the later work Etudes Geologi^ues dans les Alpet, 
(1841,) he rather attachea himself, by the nature of his observations, to the 
modem school of Constant J'irevost and Sir Charles Lyell. In this latter woi^ 
which was the first of the numerous ^^eries published by our cotemporai'ies on 
the more modern stratifications of our valley, the environs of Geneva are investi- 
gated, in view of the influence of existing causes, with especial care. Sharing 
the prevalent euthosiasm at the period or the Restoration, Loids NedEer, for a 
while, bore arms; bnt the tendencies subsequently developed had separated him* 
since 1832^ tcom all poUtical aHaii*s. In 1810 he had been appointed professor 
of geology and mineralogy iu the Academy of Geneva, and made his zeal par- 
ticularly conspicuous in the arlniiiiistration of the Museum, to which, in con 
iunctiou with MM. de Caudolle, JDeluc aud Mayor, he contributed a series of 
letMSons in soology, for the benefit of that rising establishment. The best of 
his instmctions, miwever, were his conversation and example, while traversing 
the mountains with a company of pnpil^ In 1823 De Caudolle and he con- 
ducted an excm-sion for the purpose of stiidy into the Chablais, and if the twelve 
young men who had the advantage of following them did not become natural- 
ists or geologists, it was assuredly not the fault of their professors. . On these 
oeeasions Necker po ss e sse d a gaiety truly inspiriting; nor were his accnraey 
of \ ision and method of observing less noticeable. After returning from Scot- 
land, he had traversed the interior of France, a part of Italy, the western aud 
also the eastern Alps, having made excursions of great interest into Styria and 
Camiola, his^explorations on the banks of Lake Leman were incessant. With 
a view to the recovery of his somewhat exhmisted strength, he again passed, 
in 18:>9, into Scothnd, and the eqnal and hnmid donate 3 that country being 
found to agree with a too susoeptiUe nervous system, led him to fix his residence 
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dafiDitively in tlie remote island of Skye, on the western coasts of the kingdom. 
Thi^ man of cultivated mind and social qualiti(\s, clierisln'd hy a larj^o circle of 
relative- and friends, deeply attached to Geneva, and after Geneva jtrcfcrring 
Edinburff, where he had bolBn happy in his youth, passed the last twenty years 
of bis liie in a profound Bolitndo al Portree, a Bmall hamlet of fishermen, on an 
uland covered with nuatfl and half desert ! Ills health nnd temperament ao* 
commodated themselv^ to the situation. He still ioddlgcd his studious tUtOB. 
He observed whatever can be ob^orvf d at Skye ; tbn barometer, the thermome- 
ter, the opening of the scanty llowers, the arrival of migratory birds. Thanks 
to his meteorological observations, he could I'orotell tempests, and the humble in- 
liabitanta of Portree, whose liTea are often exposed at sea, consoltod this learned 
stranger with the white beaid with a respect not nniningled, we may suppose, 
with some superstitious mi^^^ivings. Walter Scott woold hare Ctttaudy made 
him the hero of some romance. 

Nccker died at Portree, November 20, 1861. He had long before presented 
his collections in natural history to the Mnsenm of Geneya, and I am now 
ehafged« hy Ins nephew, Theodore Necker, with the acceptable dnty o%of- 
fering to this Society the notes taken during the last years of bia life in Scot* 
land, jn order that examination may be made whether they contain anythin|f 
frojn ^vliK li advjintage may be derived to science. 

The ihird of our number whom we have lost, Loah T. F. CoUadon, was born 
at Geneva, August 25, 1792. Having proceeded, after the usual preluninajry 
education, to MontpcUicr, he was there kindly reeeived by A. Pyramus de Oan- 
doUe, who admitted liim into a small ])arty of special pupih-*, (h^stined by the 
professor to the cultivation of botany. Under thi-' iiifiuence and instruction, 
the proficiency of Coiladou waji evinced by the production of an esteemed mono- 
graph on the genus Cassia. Having graduated in medicine, he repaired to Paris, 
where bis success in practice was satis&ctory. That be eanried both zeal and 
conscientiousness into his profession was shown by the courage and humanity 
with which, after havin;^ already retired from practice, he devoted himself to 
the care of the siclc during the fearful cholera of 1832. Our collpairue pub- 
lished aa account of a descent into the sea in a diviug-bcU, (iblU,) and a trea- 
tise, translated from the BngHah, on deformitieB of me spinal column and tiu 
means of remedy, (1826.) 

Among associates at large, f associes libres,) we have to deplore the recent 
los« of M. Charles Pictet, a young magistrate who would have rendered good 
service to his country.- A distinguished talent for design often enabled his 
brothci-, Pictet de la Eive, to employ the resources of his pencil for objects 
of nattural history. 

The Society has recruited its ranks with two regular members, BT. Alois Hum- 
bert, keeper of the Museum of Natural Ilistory.and M. Miiller, author of several 
works on botany. At this time we number 3G regular members, 3 emeriti, 61 
honorarics, and 3 J associates at large. Our sessions have been well attended ; 
ihe collection of memoirs increases each year by half a Tolume; scientific zeal 
seems in nowise diminished ; we can therefore, I think, felicitate ouraelTes on 
the progress ef the Soeie^, and with satisfiMtion obsenre its entrance upon a 
new year. 
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lb the Seerekarif ^^h» Smitkaomm JiwiiMow.* 

Sir: I take the c st opportunity of acknowledging, with many thanlu* 
the receipt of the publications which you have been BO kind aa to msmI mo on 
the part uf the Smithsonian In8titntioii« namely: 

Smithsonian Report, 1862. 
' Ancient Mining on the Shores of Lake Superior. 
• Dictionary of the Chinook Jargon. 

CompantiTe VceabiilBry. 

Instrnetiotia relative to Ethnology and Philology. 

Annual Report of the ^lusfnim of Comparative Zoology. 

Proceedings of the American Philosophical Society, Nos. 69, 70. 

I propose soon to send you the new edition of my work on Lacustrian habi- 
tations, hoping that the copies which I offer will be accepted, not as a requital 
Ibr Tonr &voib» but m a flfight teetfanonial of thanks and my high esteem. 



I know not whether you already possess the work v.]jich MM. Rutimeyer 
and His, professors of anatomy at liasle, have recently publi^shed ou the Crania 
Hchetica. However this may be, I am persuaded that you will not regard as 
Inopportmie a few obsemtioiui on the subject of that intereefing publication. 

The authors distinguish, in reference as well to ancient as modem thneSt 
four different types of human skulls, which they designate from the names of 
the localities where the best specimens have occurred, in order hot to prejudge 
results or historic questions. These types are those of Sion, in the Valais; of 
Hohberg, in the canton of Soleore; of &l«Air, in the canton of Vand; and of 
Dieentis, in the Grisons. The following are the fignras of theae Ibor types re- 
dveed to the fimrth of their natoial aiae : 

L— SlOK TIPB. 
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I7.«-Di8B>Tia Typb. 




The basis upon Trhicli these difTerent types are founder! mn^t be sonp^Tit m 
the Crania Helvetica. I will only add that it is to the age of iron in Switzerland, 
i. e., to the iive or six centuries which preceded the Christian era, the Sion type 
(I) is to be i^BKied. Thd Hohberg type (11) answers to the BiMBan period, or 
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the first four centuries of our cm. The tjpe Bel- Air (III) only nukes its ap- 
peiranee In the tombs of the Merovingian period ; and the type Disentis, {TV*) 
whicli IB the most widely spread in the Switzerland of modem times, like- 
wise that of the age of stone in ancient Helvetia. There is a very similar type 
found in the most ancient tombs of the Scandinavian countries ; but according 
to a late communication which I have received iroui Baron Vou Duben, pro- 
ftaior St Stockholm, the Sion type aleo existed is Sweden in the age of atoaa 
A considerable xminber of the many skulls, whose figures are given by HIC 
His and Rutimeyer, form part of my own collection, and of thet*e I have de- 
'rived pome very remarkable ppecimens from an t'xtensive cemetery, situated at 
my country seat of Bel-Air, uear Lausanne, which I have been exploring for 
several years. It was in this cemetery that I fonnd the fuwcxed skull, (V.) the 
only one of its kind, and in some respeets like those of the ancient Pernyians ; 
but this having been already puhliwed on more than one occasion, I shall ab- • 
stain here from any comments in regard to it» in order to draw your attention 
to an observation of a more general nature. ^ * 




The tombs of Bel-Air, fjuperposed in three puccessive layers underground, 
pertaui to the period which elapsed from the fall of Rome to Charlemagne. I 
bATeexpiored sinee 1838, in the canton de Vand, a great number of cemeteries of 
ihe mme period, and notwithstanding the variety of skulls that are found of the 

gamp epoch, I ohperre that the prevailing type in these sepulchres is of au 
elongated form, whose anterior development is in general very slight. This ob- 
servation is of interest in view of the fact that tho^e tomba contain the r( mains 
of the true ancestors of the present population of the canton de Vaud, and that 
tike general form of the sknlla of this country presents, in modem times, less 
posterior development and a more rounded outline — a form, therefbve, more ad- 
vantageous in an intellectual point of view. We have here, then, a popuhitfon 
in which wc may remark that, notwithstanding the persistence of certain types, 
civilization has had ibr ita result a sensible modification of the enccphalon in an 
aseending scale, a direction in whieh progression is always much slower than, in 
the opposite one of degradation. 

Permit me, sir, with this remark, to lencw to joa the ezpireedon of my most 
distinguished consideration. 

FRED. TROiON. 

LaufiANNB, Kwemher 10, 1864. 
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SfiCOIfD SERIES. 

(CONTINUED FKOM PAGE 285, SMITHSONIAN REPORT FOR ib63.) 

Jfplioatitm 9f (he proper f us of Tuiuid cylinder. : tJieary of the comUiuUm €f 
ligmd veins emitted from circular apertures, 

69. Let nfl aow pass to tbe appUealioii wlud^ we have aonoimeed of most of 

the foregoing facts and laws. 

Let us consider a liquid vein tiowing freely by the action of gravity from a 
circular oriiice perforating tbe thin wall of the horizontal bottom uf a vesseL 
f Tlie molecaleft of the liquid witibia the vewel> whieh flow from all aides towardfl . 
the orifice* as we know, still retain, immecUately af^cr their exit, directiona 
which arc oblique to the pl iue of this orifice; whence there is produced a rapid 
constriction of the vein, commencing at t!ir» orifice and extending as far as a 
horizontal section, which has been impropcrhr dcnomiuated the contracted sec- 
tion. When the moleculei have arrived at this section, which ia very near the 
cffifice* they ail tend to assume a eonmon vertieal direetloa, with « velocity cor- 
responding to the height of the liquid in the vessel ; and they are, moreover, 
urged in tliis direction by tb*vi- iTiilividual gravity. Hence, supposing the orifice 
to be circular, the vein commencing at the contracted section tends to form an 
almost perfect cylinder, of any length ; but ih'm form is modified, as we now 
know, by the acceleration whieh grwritv imparts to the velocity of the liquid, 
and the diameter of the vein, instead of being eveEjwbere the ssnus decreases 
more or less in proportion as we recede from the contracted section. 

If the Ciiusea which we have detailed were alone in action, tho v^in would 
appear eim[)ly more and more attenuated iu proportion as it is ctiii.sidered more 
dititaut from iho contracted i^ection, without losing either its limpidity or its 
eontinnity. But it loesnlts firom onr experiments* that a liquid figure of this 
kind, the foxm of whieh approximates to that of a very elongated cylinder, 
must become transformed into a series of isolated spheres, the centres of wliirh 
arc an-anged upon the axii of the figure. In fact, we have here a liquid sub- 
mitted to the action of gravity ; but it is evident that during the free descent 
of a liquid, gravity no k»nger presents any obstacle to the -play of the mOle- 
eolar attmetions, and that the latter most then exert the same eoofigarlaff 
actions upon the mass as if this mass were firee fiom gravity and in a state of 
rest; thi^ is iho manner in which, for in-itance, drops of rain, daring their fall, 
acquire tiie spherical form. But, for the preceding conclusion to be perfectly 



ERBATUBf. — At page 207 of tbe SmiOwaiaa Bspoft for 1863, sixth line firom the bottom, 
fo**leesi]imaii.iUiaa|i«sr,''nad*'ksstiisnaaiaohiaa^^ J. H. 
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rigorous, it would be requisite for all parts of the mass to be actuated by the 
same velocity, which is not the case with the vein j we can, however, under- 
stand, that, although this difference may be capable of producing some modifi- 
efttionB In tbe phenooienoa, ft cannot pimnt its pfodnetion. 

The liquid of tbe vein* therefore, during its movement must necessarily 
graflmlly foi-m a ?eric« of isolated spheres. But as this liquid is constantly 
being rcucvved, the phenomenon of transformation must also contintie to be 
renewed. lu the second place, as each portion of the liquid begins to be sub- 
jected to ihe configuring Ibreea as soon as it iomoi n part of tlie Imperfect 
cylind^ whidi tbe Tcin tends to fomt i a, from tbe moment at wbieb it passes 
the contracted section, and subsequently remains during its course nnder the 
continued action of these forces, it is evident that each of the divisims of the 
vein must begin to be formed at the contracted section and to descend, con- 
veyed by the movement of tranigfevence of the liquid, modifying itself by de- 
gveea so as to arrive at tbe state of an isoUted spnece. Hence it follows tbat» 
at any given instant, the divisions of the vein must exist in a more advanced 
phase of transformation in proportion as they are con-ifif^rrrl nt a ;:;re.iter rlis- 
tance from thp contracted section, at least as far as that at which th(i transform- 
ation into spheres is completely effected. From the orifice to the distance 
where the separation of tbe masses ooeiu«t the vein m«il evidiiitly be continn* 
ons ; bnt at a greater distance* tbe portions of U^nid wbieb pass mnst be iso- 
lated from each otbffl*» 

If, then, the movements of the liquid, both that of tmnslation and that of 
transformation, wore sufficiently glow to allow of nnr tollowing them with our 
eyes, the vein would appear to be formed of two dlstiuct parts, the one superior 
and eentinnons, tbe otber inferior and discontinnons. Tbe sorfeee of tbe fer- 
mer would present a series of dibUationa and constrictions, which wonld descend 
with the liquid, becoming constantly renewed after passing the contracted sec- 
tion, and which, although very feebl v indicated at tueir origin near this section, 
would become more and more marked during their movement of transference, 
the dilatations becoming more promiuent and the constrictions narrower: these 
divisions of tbe yein amvuig one after the otber, in tbeir greatest developmentt 
at the low(:r extremity of the continuous part, wonUL be seen to become detached 
from it, and immediately to complete their assumption of the pplirrical form. 
Moreover, the separation of each of these masses would necessarily be pre- 
ceded by the tbrmation of a line which would resolve itself into spherules of 
difaent diameters, so tbat each isobtted sphere would be sncoeeded by similar 
spherules. The disoontinuous part of tbe vem would then be seen , to con- 
sist of isolated spheres of the same size and of equ^ spherules arranged in 
the intervals of the former, both of them being conveyed by the movement of 
translation, and being unoeoaiDgly renewed at tbe extremi^ of the continuous 
part. 

Now Savart's beentifel investigations* have taught ns that this is, in feet, 
ihs seal oonstitntioiL of tbe vem ; ex«spt that under ordinaiy drenmstances an 

extraneou;' cause, which was also pointed out by Savart, more or less modifies 
the form of the divisions of the continuous part, and altera the sphericity of 
the isolated masses composing the discontinuous part ; but Bavart has given 
the means of ezdndii^ uiis uwuence, of which we shall speak* hereafter. 

70. Now as tbe movement of transfereaee is too rapid to allow of the phe- 
namena which are piodneed in tbe vein being recognized by direct observation, 
certain pectiliar appearancf^s ow^ht to be the result of this. We must rrmoTTibcr 
here, that when a liquid eyimder becomes resolved into ?pberes, the rapidity 
Mrlth which the transformation takes place is accelerated, and consequently at 
the commencement is extremely smalt In consequence, then, of ^his original 
mintiteness and of tbe veh)ei^ of tbe movement of transference In tbe 



* Amain de CMwm <t iU PAfWf, Aoftt 1888. • 
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the effbeto of the gradual tmnsfonnation cannot begin to become obvious until 

a greater or less distance from the contracted section lias been attained. Up 
to tlii^^ dit^tance the rapid passage of tlic dilatations and constrictions before the 
eye cauuot give ritje to any effect visible to the simple sight ; so that this por- 
tion of the vein viU appear ia the form which it would wbct if it had no ten- 
dency to become divided. Beyond this distance the dilatations will begin to 
acquire conBiderable development ; the vein will appear to continue enLirging 
until another distimce has been attained beyond which the diameter will appear 
constant. Sach is, iu fact, as the obi»crvations of tiavart have ^howu, the form 
presented to direct observation by a vein withdrawn from the influence of any 
distorbing eanie. 

Lastly, we know that from the orifice to the point at which it appean to 

begin to enlarge, the vein 13 seen to bo limpid, whilst further on it appears 
more or less turbid; and Savart has perfectly explained these two ditiereut 
, aspects, as ako some other curious appearances which the troubled part pre- 
sents, by attributing the limpidity of me Apper portion to the aUght develop- 
ment of dilatations and constrictions which are propagated in it ; and the tor- 
bidity, as also the other appearances of the remainacr of the vein, to the rapid 
passage before the eye, at first of the dilatations and coiiatricti ins which h:\ve 
become more marked, then, lower down, of the itiolated Hpher»:8 and the inter- 
posed spherules. We must refer fur the details to the memoir quoted above. 

71. But we maj ^ ) forther: two consemienees spring direct ly from onr 
explanation of the constitution of the vein. In the first place, as the divisions 
become transformed durinp^ their descent, it is clear that the fpace traversed 
by a division duriu<^ the time it is elTecting a given part of itB transformation 
will he as much greater as it descends more rapidly, or, iu other words, as the 
charge, i. e., the height of the liquid in the vessel, is more considerable ; whence 
it follows clearly that, the orifice being the same, the length of the continnons • 
part of the vein must increase with the charge. Now this has been confirmed 
by Savart 's observations. In the second place, since the transformation nf a 
cylinder is slower iu proportion to the size of itc diameter, the tinn v hich a 
division of the vein will occupy in effecting any oue and the same part of its 
transfbmation will be as araeh longer as ue vein is thieker; whence It fol- 
lows, that if the rapidity of the flow does not change the space which the 
division will traverse dnring this tiiuo will bo as mnch greater as the diameter 
of the orifice is greater; consequently, for tli-^ «fimc charge, the length of the 
continuous part must increase with the diameter ot the orifice, and this is also 
verified. by the observations deluiled in the memoir quoted. 

With regard to the laws which regulate these variations in the lengtii of the 
eontinuous part, Savart deduces from his observations, which were made by 
employing veins of water, that for the same orifice* this length is nearly pro- 
portional to tlie pqtL'ire root of the charge, and that for the same charge it is 
nearly iu proportion to the diameter of the orifice. 

Let us now examine whether those two laws also emanate from our explaua- 
tion. 

72. Ima^ne for a moment that gravity ceases to act upon the liquid as soon 

as the latter passes the contracted section. Then, commencing at this «eetion, 
the rapidity of translation will simply be that which is due to the charge, and 
the value of which, as we know, is y/^ght g denoting gravity and h the charge. 
TUs velocity will be unifbrm 1 consequently, if the vein had no tenden^ to 
diride, it would remain exactly cylindrical tluronghont any extent, (% 69.) iMow, * 
iJl parts of the liquid being actoated by the same velocity of transference, this 
common movement cannot exert any influence upon the effect of the configur- 
ing actions ; so that, for instance, the gradual modifications which each of the 
constrictions undergoes, and the time which it takes in then: accomplishment, 
will be independent ef the raipldHy of ttanafetence. 
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This admitted* let UB conaider the mfimtdy tliin section ivliicli isonstitutes 

the neck of a constriction at the moment at which it quits the contracted sec- 
ticn. This section will descend with a constant velocity, and at the same time 
its diami'tcr will continually diminisli until the constriction to which it belongs 
becomes transformed into a Line, and then the section in question will occupy 
the middle of this line; the line'wUl become diaiinitod, to be converted into 
Bphernlea. Ab we have shown above, the time employed in the accomplisli- 
ment of these phenomena, and during; which the liquid section we have con- 
sidered has traversed the di?tance comprised between tlie contracted section 
and the |^lace which the middle of the line occupies at the precise instant of 
roptnre, is independent of the Toloci^ <^ tnmsferetice ; eonMquently, if the 
diameter of the orifice does not change, this time will be constant, whatever 
may be the charge. Now, when the* movement is uniform, tlie space traversed 
during a determinate time being in proportion to the velocity, the above dis- 
tance will be in proportion to -y/^i,. consequently to y/h- As we shall fre- 

S neatly have occasion to mak« use of this distauce, we shall represent it, for 
le we of brevity, by D. • 

Now, it is easily understood that in our vein the length of the continnom 

part does not differ sensibly from the distance D. In fact, the continuous part 
terminates at the exact place at which, in each line, the most elevated of the 
points of rupture of the latter is produced ; for at the iustant at which the rup- 
ture takes place, the phases of transformation of all that portion which is above 
the unit in question axe less advanced, (§ 69,) and therobre it atill posseescB 
oontiniiity, whilst all that below this point is necessarily already discontinuous. 
Thus, on the one hand, the continuous part of the vein commences at the ori- 
lic(> and terminates at tbe place at which the most elevated point of rupture 
of each £Jameut is produced ; and, on the other h'lnd, the distance 13 com- 
mences at the contracted section, and terminatea at the point corresponding to 
the middle of the lengtb of each of the lines at the instant of their raptme. 
The continuous part then takes its origin rather liigher up, but also terminatea 
a little above the distance D ; the di£B^ence in the origins of these two magni- 
tudes and that of their terminations must, consequently, partially comjjensate 
each other j and as these differences are both very minute, the (excess of one 
over the other will, a forHorit be very small, so that the two magnitndes to 
which they refer may, as I have stated, be regarded, without any sensible 
error, as equal to eacli otlier.* In virtue of this equality, the length of the 
continuous part of the vein which we arc considering will then appar(mtly 
follow the same law as the distance D, t. e., it will be very nearly proportional 
to 

Thns, in the imaginary case of uniform velodtT of tiansfeienee, we agaon 

recognize the firet of tlie laws given by Savart Now, it is dear that in a real 
vein the velocity will deviate' from uniformity so much the less a?" the charge 
is greater; whence we may infer that, for sufficiently great c!i ul; s, tiic length 
of the continuous part of the real vein must still exactly loiiow this law. We 
pJiall, moreover, dononstrate this in a rigorons mannw. 

73. Let ns, tben, tiiko the case, t. let us consider a vein submitted to 
the action of gravit}-, in which, consequently, the movement of transference is 
accelerated. Then the velocity possessed, after any time ^, by a horizontal 
section of the liquid conveyed by the movement of transference, will have for 
its value V2gh-\-gt, the first term representing the portion of the velocity due 
to the charge, the second the portion due to the action of gravity upon ihe 
vein, and ^ being reckoned from the moment at whicb the Hqnid section paasea 
the contracted section. It must be borne in mind that, in vutoe of tbe acoele> 



* We Adl reeiir to this poial» and shaU then estahlish it innji dflai]7. 
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rafion of tlie -mh^ty, tlie rem, ff It did not become dirided, would continue to 
beeofme hiddinitelr thinner fimn abov« dowiiirards» (| 69.) 

This admitted, let m Imagine that another veSn of tiie same liquid, placed 
under the im;Tginfiry condition of tho pr(»ccdin«f paragraph, flows off with tho 
&ame chyge from auothc-r orilice of the aame diameter, in the pamc time as the 
true vein in question. Let 0 denote tho time occupied by this second vein iu 
trgfgiging the distance which we baye denoted b^ ]>, t. e., that which Is com- 
prised between the instant at which the liqnid section that constitutes the neck 
of n constriction passes to tho contracted section, and the instant of the rupture 
of the line into which thi.< constriction becomes transformed. In the expresFTou 
of the velocity relative to the first vein, let t=0, which p:ivcs for thirf velocity, 
after the time 0, the value V^^+^^j in other words, let us consider the ve- 
locity of a liquid section belonging to the tree vein, after the time necesBarjr 
for a section belonging to the Imaginary yein to hare traversed the distance D. 
• According to what we have 3oea in the preceding pection, if the orifice remains 
the same, this time is countatit, whatever tho charge may be; so that in the 
above expression the term gO remains invariable when k is made to vary. 
Henee* whatever may be the yalne of ^, we may suppose the charge A to be 
snfieiently large for the term to be very great jn proportion to the term 
gO, and that the latter consequently may be neglected without any sensible 
error. In the cn.m of a valne of h which will rmlr/r this condition, and, a for- 
tiori, in the case of all t^till greater valne??, the veUn ity of a section of tiie true 
vein during tho liiue 0 may be regarded as constant, and eqiml to that of a sec- 
tion of the hnaglnary Tsin ; so that thionehout the entire s^ace traversed by 
the first during this time, commencing at uie contracted section, the real vein, 
if it did not become divided, would preserve exactly the same diameter, and 
might be regarded as identical with the imaginacj vein, also assumed to be free 
iirom divisions. 

Now, It necessarily follows, from this approximative identity, that dnring the 
time 9 the same will apparently occur in like manner In bodi veins • conse- 
quently the time 9 will be very nearly that which, in the tme vein, the liqnid 
section, correpi^onding to the neck of a constriction, would employ in accom* 

pli?hing the modilications which we have considered, and the space which it 
will traverse during these modifications may be regarded as equal to the dis- 
tance D relative to the Imaginary vein. 

Kow, as the continnons part of the true vein tenninates a little below this 
space, and is consequently included in the pamc portion of the vein, it follows, 
from the above approximative identity, that this continnou? p;irt will be exactly 
eqnal iu length to that of the imaginary vein, and therefore, commencing witli 
the least of the charges considered above, the lengths of the continuous pans 
of both Vi^ns mast be very nearly governed l^y the same law. 

We anive then* lastly, at this conchision» that for the same orifice, and com* 
mencing with a low but sufficient charge, the length of the continuous part nf 
the true vein must be in proportion to the square root of the charge. 

In accordance with the preceding demonstration, the low charge in question 
H that at wfaieh the movement of transferenee of the Uqnid be^ns to remain 
apparently nnlform in all that portion of the tine vein wnich is comprised be- 
tween the contracted section and the point occupied by the middle of each line 
at the instant of rupture ; hut as the extremity of the continnons part is very 
littio distant from this point, (§ 72,) we may neglect the small diflcrence, and 
say simply that the low charge in question is that which begins to render the 
movement of transAience of the liquid ezaetly nnlform as finr as tbe extremity 
of the continuous part of the vein. 

Thus, under tlio condition of a low charge sufficient to produce this approxi- 
JBiative uniformity, which condition is always realizable, the law indicated by 
Savart as establi^Jiing tho relation between the length of tho continuoas part 
19 s 

« 
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and the ekugB neceaearily follows ftam the prapeiiiM of liqvid (^linden. To 

cliscovor whether this law i.s al.-^o time when weaker charg^os aro employed, we 
must 8t4irt from other considerations ; but it is evident, 8o far, that it iu the lat- 
ter case the law ib different, it niunt at least necessarily converge towards tlie 
proportionality in qnestion* in proportion as the charge increases. 

We must remark here» that iu the case of a given liquid, the cha^e widi 
which the vein begins to exist under the condition which we have determined 
must be a!=» much less as the diameter of the orifice is smaller. In fact, since, 
all other things being equal, the transformation of a liquid cylinder occurs with 
a rapidity nroportiouate to the diminution iu size of the diameter of the cyliudery 
it follows wat die valae of 0 will diadniBh with the value of the orifice; and 
therefore the smaller the latter is» so much the less will the value of k heeoma 
to allow of the term gO in the expression ■\/'2gh-\-g0, placed at the commence- 
ment of thi^ section, being neglected in comparison with the term -^S^ aod 
consequently for the vein to exist under the condition m question. 

Moreover, as the time 0 Yazies' widi the nature of the liquid, the same will 
neceBsarily apply to the charge under consideration. 

74. Let ns now investigate the second law, namely, that which establisheB 
the approximative proportion of the length of the continuous part of the vein 
and the diameter of the orifice, when the charge remains the same. 

Ijet OS resume, for an instant, the imaginary case of an absolutely uniform 
movement of transference. The vein, leaving its divinoos ovit of ooBsideob* 
tion, will then constitute a true cylinder commencing at the contxacted secUott* 
(§72,) wliich cylinder will he formed in the air, and the entire convex surface 
of which will be free; moreover, as the movement of transference of the liquid 
does not exert any iuHuence upon the efi'cct of the coutiguriug forces, (§ 72,) 
and as there is no extraneous cause tending to modify the length of the divi- 
sions, the latter will neeeesarUy assume their normal length. It is evident* 
therefore, that excepting that the formation of its divisions is not Bimnlta&eona, 
(§ G9,) our imaginary vein will cxi^t under exactly the same circumstances as 
the cylinders to which the laws recapitulated in section 68 refer ; consequently, 
if we causidur iu partictdar one of the constrictions of this vem, it most pass 
through the same forms, and aeoompliah its modUfieations in the same time* m 
any lu of the eouBtrictiona which would result from the transformation cf a 
cylinder of the same diameter as the veiui formed of the same liquid* and 
placed under the couditions in question. 

Now, in the case of a cylinder of mercury, the time comprised between the 
origin of the trausl'ormatiou and the instant of the rupture of the lines is, iu 
accordance with one of onr laws, exactly or apjtarently iu proportion to the 
diameter of the cylinder ; and it is clear that this law is equally applicable to 
any one of the constrictions in particular, or even simply to its neck, as to the 
entire figure. If, then, we suppose our imaginary vein to be formed of mercury, 
the time which the neck of each of its constrictions will occupy in arriving at 
the instant of the rapture of the line will be exactly or apparently in propor- 
tion to the diameter which the vein would posaeaa if the divisions in it were 
not formed, t. e« to that of the contracted section. Kow, as the cylindrical 
form of tho vein, supposed to exist without divisions, only begins at the con- 
tracted section, it is only from this p;irt that tho configuring actions arising 
from Liic instability of this cylindrical form commence. We must, therelbre, 
admit that the liquid 8ection» which eonstitutea the neck of a eonstrietion, does 
not begin to undergo the modiiieatioiis which result from the transformation 
mitil the instant at which it passes the contracted section; thus the interval 
under consideration commences at this very instant. 

But this interval, comprised between the instant at which the liquid section 
of which the neck of a constriction is formed passes the contracted section* 
and the instant of the raptare of the line Into which this conatrlettOB Uoamm 
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ooD^ertedt is that which we have des^ated hy 9, and in trlri^ lfa.e liquid seo- 

tioti trnvor^o'* tlic distance D ; in our imaginary vein of mprcury, tlio timo 0 
will theittuie btj in proportion to the diameter of the contracted Hection. 

Now, know that in a iicjuid vein, the diameter of the contracted eection 
may he regarded as proportional to tbat of the orifice, when the latter exceeds 
6 millimetres, and that above this Hmit the proportionality does not alter very 
appreciably except when the diameter of the orifice becomes less than a milli- 
metre.^ Moreover, as this alteration is attributed to the influence which tho 
thickness of the edges of the orifice, although very slight, exerts, it is probable 
that it may be rcndoedstiil less by employing, as Savart has done, orifices ex- 
panded ontwaidl^i and wltieh may be diaped so that their edges may be very 
sharp. Thus* widi properly made orifices, we may undonbtMly admit, with- 
ont apprectablo error, tliat commencing with a diameter equal at most to a rail- 
limetre, tho diameter of the contracted section ib proportioQal to that of the 
orifice, 

Henee, as ihe length (tf Ae continaons part of ow imaginary rein is in pro- 
portion to iSbA diameter of the contmeted section* it will also be in proportion to 
the diameter of the orifice, at least starting from a low vatoo of tho latteri wbidi 

most not be much less than a millimetre. 

We have only considered the case of mercury ; but the principle with wliich 
we get out, «. e., the proportionality between the partial duration of the trans- 
ftmatiott of a cylhiaer and the diameter of the latter, rery probably applies 
ibo, as we are already aware, to all other very slightly viseid liquids ; conse- 
quently, in the ca?c of any of the latter liquids, it is very probable that the 
length of the continnnu'' part of the imaginary vein will also be in proportion, 
to ^16 diameter oi the oritice. The law may also be true in regai*d to all liquids l 
but i( may be the case that this general application does not hold good. 

If we now pass from the imaginary to the true vein, we have only to sup-^ 
pose that tbe value of the constant chai^ is sufficiently con8iderah](> to allow 
f^f tlif^ condition assumed in the preceding section being satisfied throughout 
the entire extent which we a?:si{;'n to tho variations in the diameter of tlic ori- 
fice; 80 that, for each of the values given to this diameter, the continuous part 
sf the trae Yein is apparently of tbe same 1eDg|th as that of the corresponaing 
imagmarjr vein. The law which regulates this length may then be- regardiei 
as the same in both kinds of veins. In accordance with the two rcmarke ter- 
nnnating tho precf dinp^ sf^ction, it is evident that if the common charge ftdtilA 
the condition m question with regard to the greater value assigned to the diame-- 
tirof the orifice, it will, a fortiori^ fulfil it with regard to all tho others. 

We are, therefore, led to the following definitive conclusion ; 

In the case of mercury, and very probably also in that of aU Other vzcy 
plij^htly viscid liquid?, such as water, if for the same charge increasing values 
arc given to tho diameter of the oHfiee, from a value slightly h-H'j than a milli- 
metre to some other determinate value, and if the common ciiai ^^^l- be suffi- 
ciently great, the length of tbe eontimuras part of the vebi will be proportionate 
to the diameter of the orifice. 

This conclusion is, perhaps, true in the case of any Bqnid whatsoever; bat 
ihe elements for deciding this qnestiou arc wanting. 

Thus, with the restrictions contained in the above enunciation, tho second, 
law given by SavarL results necessarily from the properties of liquid cylinders ; 
Md it ia rIso evident that if, in tbe ease of a common ineoDsiderable charge, 



* In fact, tbe reealts obUhied hy HaehBtte show (ilmi. ib aSem^ *t St PAys., t. iii, p. 78). 
that when tho diameter of the orifice is cqiiiil to or greater than 10 millitnetres, the mca^ 
proportion of the diametor of tho contracted section to that of the onfice is 0.76 ; that in jj^s^ 
^ing from 10 ndUinwkns to 1 aOBnetrek the proportion only inoraases O^i and lastly, whan 
thsdiamsleris aqoal to 0.86 ndUinetn^ the prapoite 
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the law beeomet iiiodified» it miwt approxifnite towtt'dfi thai ot SfefSii in pso* 

portion OS the value given to this charge is greater. 

7 We said (note to § 72) that we should return to the closely aj^roxima- 
tivo principle of equality between the leng-th of the continuous p u t of an 
imagioaj'y vein and the correspoudiug distance 1>, in order to esktbli^li this 
principle more elearly ; we sbaU new do this. 

Let L be the Icugdi of the continuous part» and 0 the pcMttion ooauiMNi is 
this length and the distance D ; let also s be the interval between the origins 
of the lenf^^ths L and D, i. e., tlic email distance comprised between the orifice 
and the contracted section ; and, lastly, let i be tho uiterval between the ter- 
miuatiouB oi these same lengths, i e., the distance comprised between the im- 
permost point of the rnpture d tlie Una and the middle of tbia line; we thidl 
tbenbaTo 

coQse^oently 
wbence 

5=^+3^ W 

Let na nowfiiat appvoximatiTeljFaliietb^qiiaatity » in Aeeaaeof aoneptt- 
ticular liquid, and let ns again take mercury. After what was abown at (be 

roTiHncncement of the preceding section, the length of the divisions of an imagi- 
nary vein is equal to the normal length of those of a cylinder of the same 
diameter and of the same liquid wliich would be formed in the air, and tho ca- 
tire convex sniface of wbien is free; now in tbe case of mercury, we know 
that the proportion of this normal length to tbe diameter of tbe cylinder mtiBt 
be less than 4 ; consequently, in our imaginary vein of merctiry, the proportion 
of the length of the divisions to the dinmeier of the contracted section vfill 
al«o he less than 4; but in our state of ignorance of tlie exact value of thia 
propurtion, we will hrst suppose it to be equal to tbe above number. It we 
tben denote tbe diameter or tbe contracted aeelioa hj kt tbe ^^K^f^fi^ of tht 
Isolated spheres composing the discontinuous part of tbe vdn will be (§ 60) eqnsl 
to 1.82. A;, and tlu lonj^th of the interval between two sncccssivc spheres will 
be 2. 18. A;. But the lino into which a contitriction is converted is< necessarily 
shorter than this interval ; for so long as the rupture does not take place, tbe 
two masses united together by tbe filament must still be slightly elongated; 
and, moreover* each of them must present a aligbt elongation of the linet aoai 
to be connected to the latter by concave curvatures. Judging from the com- 
parison of tho aspects presented iniTnediatcly after the mpture of the line, and 
after the entire completion of the plieuonicna, by the figure rcsulthig from the 
transformation of one of our short cylinders of oil, (see figs. 28 and 2U,) I ghould 
estimate tbat for eadi of tbe two masses connected by a Ime, tbe elon g atioa 
towards the latter plus the sligbt concave prolongation form about two4eiiliii 
of the diameter which these masses acquire after their transition to the state <tf 
spheres. To obtain the approximative value of the line belonging to our veioi 
we must therefore deduct from the interval 2.18 .i, four-tenths of the diameter . 
1.82. A;, whicb dves 1.45. ^. On the other hand, if we denote the diameter of 
tbe orifice by K> we bave (note to tbe pveeediog section) very nearly K^ssO^.Ki 
whence it follows that the approximate value of the length of onr line is cqtul 
to 1.45X0.8.K=1.16 K, Lastly, the uppennost point of mpturc of tbe liae 
must be very near the upper extreinity of the l itter; if v, q HU|ipose it to be at 
tbis extremity itself, the quantity i will be halt the i«ngtli of the line, and we 
<aball consequently have 
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"Let us pass to the quantity «. Wo know that the distance between the orifice 
and the contracted section, although not entirely independent of the charge, 
alwa^^a differs but Bttle ham t&e semi-diameter oi the ovifiee, so that we shoud 
bave rery neatly i&sOUSO . K, and therefore 

«*t==0.50 .E— 0^8.E=s— 0.08 .K, 

evidently a rery slight difference. 

We have assumed 4 as the value of the proportion of the 1(.>ii^th of the divi« 
aions of our rein to the diameter /t; tlt"^ value is undoubtedly too js^reat ; but 
aa the exact vahie mual nccui^Pfirily exceed the limit of stability, which is itself 
more than li, wc may admit that this eiLUCt value is considerably more than the 
latter nnmher. Suppose it* howerer* to be equal to this noDher 3 j ealculation 
will then give for the diameter ofthe Isolated inheres the quantity 1.G5 ,kt and 
for tlie interval between two consecutive spheres the quantity 1.35,/:. Com- 
pletinpr tlie operations with these data, in the same manner as above, we obtain 
as the iiual result 

#-t=0J23.K, 

also a very slight diftfenee. 

Now, as the tme value of the diSinence muf^t be comprised between 

the two limits which wc hnvc just found, i. e., — O.OS.K rtnd +0.23. K, and 
as we cannot ascertain either the one or the otlicr, we Bhali obtain a sufficient 
approximation to this true value by taking the mean of the two above limits, 
Widh gives, lastly, 

f^t'»0.07.E (2.) 

Let the distaaee remain ]>• As this is tmTersed by a uniform movement during 
the time 0 and with the vdoelty '^9gkt we shall first have 

Now, as the time 0 is equal (pieoeding section) to the partial duration of the 

transformation of a cylinder of the same diameter and of the; eame liquid as 
the vein, and which would bo formed under the conditions of the results 
summed up in § 68, it follows, from one of the latter, that if the diameter of 
Uie contracted section of oar imaginary vein of mercury were a centimetre, the 
lisM 9 would be considerably more than 8 aeconds ; however, in order to place 
oui>selves inlentionally under vnfamahle circumstances, let us suppose that, in 
the above capc, the time in question ^v^'ic only equal to 2 seconds. But the 
time 0 is proportionate to the diameter of the contracted section, (preceding 
section ;) if, then, we take the second as the unit of time and the centimetre 
as the unit of length, we shall have for any value h of this diameter 

and if wc replace k by its approximative value 0«8 .K, H will become 
eonsequently 

As we have taken the second and the centimetre as the units of time and length, 
g will be equal to 980.9 ; and this value being substituted in the above expres* 
8ion» it will iiually become 

T)--x70.87 .K V/7. 

From this expression, and that of s — i given by the fonnula (2,) we deduce 

i 0.07 1 
-Tr-= — =0.001 

Now, according to the equation (1) this quantity represents the error wc com- 

mitin supposing h=adg it is evident that this error is independc^ 

of the diameter of the oiifiee, but that it varies with the charge^ and that it Is 



Digitized by Google 



294 THB SIOUKES OF Ei^UUilBElUM OF A LIQUID MASS 

]ms fai proportioii as the Btrengtli of ihe diarge is greater; it is also eridatt 
that for it not to be veiy small, an eztFemely small valuo most be gtven to Uu 
charge; fbr when the charge is too small, either the flow does not take pUo^ 
or it ensues drop by flrop, iu both which cases the nature of the phenomenon 
is changed, and cannot be referred to tlie truusformatiou of a cylinder. We 
shall therefore suppoBc that the value of the charge is 4 centimetrcB, lor iu&tauce, 
trhieh ia certainly a amall valne, and wMeb ia slightly greater than the ieait 
of the TaliieB employed by Savart in his experimenta. We aball then lni?e 

^i=0.0005j 

and tranaftning Cbia valve to the et^uation (1) we ahall find 

L 

g=l+0X)005, 

or rather 

I,^D=0.0005.D. 

Thus, according to this result, whatever the diameter of the oilfioe may 
with the feeble charge of 4 centimetres, the length of the continuous part of an 
imaginary veia of mercury only exceeds the distance 1> by a quantity equal 
to 6 ten-thousandths of the latter; so that, for iuBtance, if the diameter of the 
orifice were aneh that the distance I> were ametref the length of the ooatiBi- 
oaa part wonld only dififer from it by half a milliinetre ; and iu conseqaeace 
of the very small value we have attributed to d, even this probably exceeds 
the true difference. Lastly, if we pass from mercury to some ntlier liquid, the 
(lift'crcuce between L and 1), oa* rather the projiortion of lliis difi'erence to D, 
would necessarily vary in magnitude and direction with the nature of the 
liqnid; bnt this proportion, as we have shown, is so small that we may'aaiUj 
admit that it will always be very small in regard t< ny other liquid. 

7G. Let us now go within the limit commencing with which th(? real vein 
may be compared, in its contiuuous part, to the coiTCsponding imaginary vein, 
(§§ 73 and 74;) in other words, let us suppose the charge to be so iucoueiderar 
ble, or the diameter of the orifice to be so great, that mo movement of trans- 
fierence, in the extent of the continnomi part of the real vein, is not perfecdy 
uniform. The vein will also then tend to become tbinner flrom above down- 
wards, and this diminution in thickness will become visible upon the limpid 
portion. The question of the laws which under these circumftvinces must 
regulate the length of the coutiuuous part is very complicated ; we shall, how- 
ever, attempt to dnddate it to a certain point 

Let US consider a division of the vein at the instant at which its npper ex- 
tremity passes the contracted section. The two liquid secdoua between which 
the division in question is comprised separate from this position with different 
velocities; for, in the short path wliich the inferior section has traversed, it& 
velocity is even slightly augmented by the action of giavity. Now, it foUowa 
fiom this ezGCflB of velocity and the aceeleration of the motion, that the two 
sections will continne to separate from each other more and more in proportion 
as they dnscond ; or, in o\hvv words, that the portion of the liquid included 
between tbem will gradually becom(i elongated during its motion of transfer- 
ence. Consequently, if no other cause intervened, each of the divisiouB, con- 
veyed by the accelerated veloeity of the liquid, would gradually increase k 
length np to the instant of the ruptnre of the line» and would preserve a con* 
Btant voinme during its descent. 

But there is a cause which acts in an opposite manner upon the divisions. 
If we imagine the divisions of the continuous part to be; suddenly effaced, the 
Bmall portion of the vein thuB modiiied which replaces, at Liiis instant, auy givea 
division, will be aoDaller In proportion as the division in question is morsdiBlsiit 
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fnm the eontvaoted teetion. Ooneeqneiitly we may oonmder each of tihe di- 
^lonfl which at a determinate instant are arranged ttpontlie entire len^h of the 
eontinuouB part as arising respectively from the transformation of a diflferent 
cylinder; and as the minute portion of the vein which replaces, in the above 
hypothesis, ajiy given division would coutiuuo slightly diminishing in thickness 
from above downwards, we should exactly obtain the diameter of the cbite- 
tponding cylinder hj taking the mean diameter of this portion. Now» wo know 
that for any liquid, the normal length of the divieiOQS of a cylinder supposed 
to he formed in the air, and the entire convex surface of wliich i?* irvv, is in 
proportion to the diameter of this cylinder; consequently, if nothing opposed 
the action of the configuring forces upon the vein, the proportion of the length 
of a division to the ahiore mean diameter corresponding to it wonld he the same 
ibr all the divisions ; and ae this mean diameter diminishes at each division 
from the top to the bottom of the conthaoons portion, it follows that the length 
of the divisions would continue to decrease in the same proportion. If, then, 
the cause with which we are eng^aged were; alone in action, each division would 
gradually diminish in length and volume iu proportion as it descepded in the 
eontfnnons portion. Bnt then the divisions starting from the contracted seetion 
with the yelodty of the liquid v n](l necessarily follow in their movement of 
traupfcrcnce a different law. We t^li.all show that thi? innvr-mfnt would h(' 
retrrrdcd, so that the liquid, whicli descenda, on the contrary, with an accelerated 
velocity, must pass from one division to the other, and that the latter must 
sfaBoply oonstitute, upon the surface of the vein, a sort of undulation, which 
wonJ Id be propagated according to a partienlar law. 

Let ns assume ^ke hjrpoAesis of tne entirely free action of the configuring 
ibrces, and let us commence with the moment at which the pection of the sur- 
face of the vein which constitutes the neck of a constriction passes to the con- 
tracted section. After a brief interval, anoUicr superficial section, correspond- 
in? to the next neck, will pass in its torn* and these two sections will inclndc 
li division between them. Alter another interval of time equal to the first, 
another division will have passed to the contracted section; hut the first will 
even then be shortened, so that its lower neck, in this second interval of time, 
will have traversed a less space than the first. For the same reason, the space 
traversed in a third interval of time equal to the two others will be still smaller, 
and so on afterwards. The movement of transference of l^e neckSr and there- 
Ibre that of the divisions which they' inclnde* two and two, will ihea oonsti- 
tute, as I have stated, a rotnrrlod movement. 

Now, the two causes winch we hav(^ mentioned, and which act concurrently 
upon the divisions, will necessarily combine their effects. Consequently the 
velocity of transference of the divisions will be intermediate between the 
aeeclerated velocity of the liquid and the retarded veloci^ which wonld resnlt 
horn the second canse alone; in the second place, the divisions will gradually 
diminish in volume dnnn^ their descent along the continijous portion, but 
according to a lesti rapid law than would be the case under the i?olat(^d action 
of this second cause j lastly, the Icaglh of the divisions will follow a law inter- 
mediate between the gradual increase detennined by the first cause and the 
decrease produced by the second. 

77. We ahall now investigate the manner in which these modifications in the 
volume, length, and velocity of the divisions ai-c crspible of exerting an influ- 
• * ence upon the laws regulating the length of the continuous portion of the vein. 

We must first draw attention to the fact that in our imaginary veins* where 
the movement of transference of the liquid is supposed to be unubrm with all 
charges, the canses producing the above modifications do u t exist; conse- 
quently the f1ivii?ionH must alsvav?! descend with the same velocity as the liquid, 
without varyiug in either volume or length in the course of the continuous 
part. Moreover, we must recollect that after .what has been detailed in §§ 72, 
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74 and T5, Sayart's lawi are already utiafied widi regard to these Teuia eooi- 
menciiig with very feeble charges ; the fiist law m the co^e of any liquid 

whatever, and the second in tlic case of mercury, very pvf»l>aljly also in that 
of any other very slip^htly viscid ]i(|ui(l, and "perhaps cveu in that of all liquids. ( 
Let us now recur to the true vein of the preceding section, and let us hegiu ! 
by cxamiaing the infliience exerted by the diminntioii of the Tolnnke of Ua | 
divisions. Since a cylinder, supposed to exist under tlie conditioii8'<^ our laws i 
and formed of a given liquid, becomes transformed with rapidity proportionate [ 
to the smallncss of its diaineter, it necessarily follows that as the volume of it3 ; 
divisions is smaller, the gradual diminution in the volume of the divisions of 
the vein tends to render the velocity of theur transformation more accelerated 
than it would be in the imaginary Tein of the tame liquid if it flowed onder 
the same charge, and from an oritice of the same diameter. Und«r the isolated 
inBuenco of tlii^^ modifie!iti')n of the volume, the tiino which the portion of the 
phenomenon corrci^pondiiig to the course of the cuiitinuous portion requires 
would thei'ei'ore be shorter ; consequently the length of this portion would he 
less thsa in the iwaginaiy vein. Now if the cham under eooaidetatiini wen 
replaced by a charge very nearly sufficient to annihilate the aoeelefadon of 
movement of transference of the liquid in the continuous part, this portion of 
the vein would then he equal in lenj^th to that of the corresponding imaginary 
vein, (§73;) therefore in pas;?in<^ from the first charge to the second, the COQ' 
tiuuous part of the true vein would augment more than that of the imaginarj 
vein, t. e., would consequently augment in greater proportion than that of the 
bquari roots of the two charges. Thus the gradual diminution in the Yoloaa 
of the divisions tciuls to render the law rognlatin^^ the length of the continuous 
part of the vein, when the charge ia made to vtuj, more rapid than that of 
iSavart. 

Let us pass on to what relates to the length of the divisions. Aa Ae aeoelonF* 
tton of the velocity of the timosfomce of the liquid forms an obstacle to tl^ 
fi-ee shortening of the divisionSf the latter must be gradaally extended in the ^ 

direction of their length, in proportion as they dp?crnd upt)n the continuous 
j)art. Now this gives rise to an influence exerted in the same direction as the 
precedinfiT ; for iu cunscquence of their less thickness, the constricted portions i 
will yield more readily to this traction than &e dilated portions, widch will 
necessarily increase the rapidity with which the fbimer become diminished In 
thickness, and will therefore tend to produce, in each of them, the formation 
and rupture of the line sooner than in the coiTCspi>nding imaginary vein. But 
the dilTereuce of the laws which the divisions and the liquid follow in tbtiir 
retpective moyemcuts of Uausference, engenders an influence which acts ia a | 
contrary direction to the two preceding. In virtue of the excesa which the 
vebcity of the liquid acquires above that of the divisions* the liquid passes, as 
we have seen, from one division to the other, ho that any one portion traverses 1 
.-nccessively, sometimes the narrower canal of a constriction, sometimes the 
iuigcr space of a dilatation. But as the liquid thus moves in a conduit the 
dimensions of which are altematelv smaller and larger, its velocity must be 
greater in the constricted parts, and less in the dilated parts, than if the divi" 
sions did not exist ; whence this siiigular consequence results,, that the velocity 
of transference of the liquid, instead of being uniformly accelerated, is sub- 
jected, in the course of the continuous part, to a dories of particular variatioos 
which render it alternately greater and less than ihuc which a isuiid body fall- 
ing irom a point situated at the devatiou of the liquid in the vesad would liafa 
Morcoyer, the liquid mokenles, instead of moving in the directbn of lines f» 
sentinga very slight curvature, and always in th(; same direction, as they would 
do if the divisions were absent, will necessarily describe sinuous lines in their 
passages from division to division. Now, ;he coutiguring forces euuiuating irum J 
the superfidal layer of the veina and which produce the diviaiona, cannot fines I 
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tte wfAtemSw at iho Uqnid to andergo Uieie altornAte ohaogM of direetiim and 

Telocity, without ezpendiii^ a part of their own action ; so that thiogi w^l go 

on as if these forces experienced ;i lo-^-^ i:i iiiti-n-itr. If, then, tht' iTifluence in 
<jne«tinn were alone exerted, the tjauslurmatiuii would be effected with le.-^s 
rapidiiy, and therefore the coi]tiuuou& portion would he Iouj^ct tliaa iu the cor- 
xeaponaiDg imaginary vein ; whence it follows, that in passing from tiie charge 
vnoer consideration to a charge which would estahlish the approximative 
uniformity of the movement of transference of the liquid in the continuous por- 
tion, the length of thi^ portion of the vein would increase ia a less proportion 
than that of the square roots of the two cliar^ed. 

With regard to the transference of the divieions, separately considered, we 
sre weU awaio that it must he inteimedlate between the retarded Teloi;it7 
which would result from the free ehortemng of these divisions and the accele- 
• rated velocity of the liquid ; hut it would be difficult to decide, a priorit 
whether this intermediate velocity prc^^^ervcs any retardation or whether it pre- 
sents any acceleration. However, admitiiug that retardaiiou exists, the hitter, 
tending evidently to diminish the length of the oontinnons portion, would pro- 
duce an influenee in the same direction as the shove two fbnner; and sup- 
posing, on the contrary, that acceleration oecnrred» this would produce an infl'u* 
Oice in the same direction as the third. 

78. To sum up, then : when the charges are less considerable than tho^e 
which would render the movement of transference of the liquid perfectly uni- 
form in the continuous part of the vein, two opposite hinds of influences affect 
the law, according to which the length of this eontinnotts portion varies with 
the charj^e, the first tending to make this length increase more rapidly than the 
square root of the charge, wliil^t the second, on the contrary, tends to niak(! it 
increase less rapidly. Now in virtue of their opjlbsition, these two kinds of iu- 
ftmnees will mutadly neutraliae each other to a greater <fr less extent ; but in 
accordance with the diversity of the immediate causes which respectively pro- 
duce each of these influences, complete neutralization must be regarded as \eTj 
' improbable; which leadn tis to the former concln -ion that, when the charges 
are sufficiently weak, the law in que?«t!ou will ditier iiom that of Savart; but 
it will be impossible to decide a priori iu what direction. 

In the second place, the primary cause of all the influences which we have 
mentioned being the acceleration of the movement of the liqmd, it i^ ch^ar that 
the resulting action of those which art in the same direction, considered sepa- 
rately, decreases in proportion to the augmentation of the charge, and may be 
neglected, comtnoncing with the first of the charges under which the movement 
of the liquid l)eeomes perfectly uniform in the continuous portion. Now what 
remains of the mutual neutralisation of the two resulting opposed actions is 
necessarily less, and probably considerably so, than each of them in particular; 
whence mn^t heT«'ve that this excep? may be neglected, commencing with 
a much less charge. We then arrive at this second conclusion, that Bavart's 
iirsL law will undoubtedly begin to be true iu the case of a charge which will 
atill leave a very marked aooueration in the movement of tranmrence of the 
Hqaid in the continuous ponton* 

Lastly, this result, in connexion with a principle which we have established 
at the end of § 73, furnishes tis with a third conclusion, viz., that the charge at 
which the vein begins iu reality to satisfy Savart's first law will be less in pro- 
portion to the size of the orifice ; for it is evident that, in passing from one 
orifice to the other, this charge must vary in the same manner as that at which 
the acceleration of the movement of the liquid may be neglected. But I sav 
further, that the variation in question will very probably take place in a much 
greater proportion than that of the diameters of the orifices. 

For, let h' be the charge with which the approximative uuiiorinity of the move- 
ment of tranaftienee b^pns in the case of a giv^ onfioe and liquid, and 0' the 
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iponding value of 9. The chai^ h', as we have 8e«ii» shnnld be such 
that Buy be very odnaiderable ia wgwd to or* in other woi^ UuK 

the proportion "^^^^ m&y be Teiy great Let us noir take an orifice of len 

di'iraeter, and let h" denote the charge which fulfils in regard to this spcontl 
orilice the Bame condition as h' with n gard to th«; foi-mer; let, aUo, 0' dtu«tte 
what 0 becomes in the case of the new orifice. If we wish, in the movement 
of the liquid in the continnoas portion of the vein which, flows from the latter* 
to have the same degree of uniformity as ia the contmuous portion of At 
pcocediog one» we must evidently make 



which ^Tci 



consequentlj 



h" 0"*' 

But tlu' time 0, at least in the cn?e of mercury, is proportionate to the diameter 
of the contracted section* consequently to that of the orifice* (§ 74;) hencef in 

the case of this liquid* we maj substitute iat that of the squaiea of ihi 

diameters of the two orifices; whence it follows that,iu passing from anv deter- 
minate orifice to one which is less, the charge under consideration will decrease 
as tbe square of the diameter of tho orifice. Now it must be considered as 
very probable that the weakest charge at wliicli Savai t's law boj^in? to be 
realized will decrease in an analogous manner, c, in a much greater propor- 
tion than that of the diameters. As we have several times stated, we are not 
aware whether the considemtions relative to mercury are applicable or not to 
•11 other liquids ; but we know at least that they are very probably so to all 
those the viscosity of which is very slight ; consequently the above conclusion 
is very probably also true in regard to any of the latter liquids — such* kt 
instance, a^ Avatcr. 

79. Let us provisionally admit the preceding couclusionB as perfectly demon- 
strated, and let us pass to the other law* t. a, that which governs tl^ length 
of the continuous portion when the diameter d the orifice is made to vary. I 
say, in tbi' firf*t place, that, in the case of mercury, tlils law will coincide with 
the '^' cond of those of Savart, when we give to the common charge the value 
at wiiicii the vein escaping from the largest of the orifices employed would 
begin in xeslity to satisfy the first of these laws. In £fict, let us remark, first, 
that with the charge in question, and which we shall denote by ^i. the ▼nni 
escaping from all the lesser orifices will exist a firUorim the efiective con- 
ditions of the first law. Oonfcquently, if for a moment we substitute for this 
char;?e hi a sufficiently contsideral)le charge to render the velocity of the liquid 
sensibly uniform throughout all the continuous parts, and if we again pa^s from 
this second charge to the preceding, the respective lengths of uie continnoas 
parts will all decrease in the same proportion, L e., iu that of llic square roots 
of the two cbarjj^es. Now, with the larp;e;<t of the latter, the IcMigths in ques- 
tion were to each other as the diameters of tlie corresjionding orifices, (§ 74;) 
it will also be the same with the charge ^i; consequently with this charge tlio 
second of Savart's laws will be satisfied. 

In the second joJaoe^ X say that with a lower charge- than hi the ssme will 
not hold good* To show this* kt ^ be this new chaige; and let us denote hj 
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Aj the charge which plays the same part with regard to the veia escaping from 
the smallest orifice as mat whicb hi plays with regard to that which escapes 
fitom the larger one. It must be borne in mind that A3 is less than hi , and let 
Tig snppose hi to he com|)risrfl hetween the two latter. With the charp:t\s Ai 
and k-i the vein escaping irora the smallest oritice will therefore then still exist 
onder the effective conditions of Savart's iirst law, whilst* as regards the vein 
iriikh escapes from the larger orifiee, these eoaditions wHIX only commence at 
All it, thexk, we pass from Ai to Jit* the contdnoons portion of the first v^in will 
deoreiie in proportion to the square roots of these two chiy^es ; but that of the 
fitter voin will dcerffir^e in a diflFerent proportion. Now, with |he charge hi 
tiiese two lengths were to eich other as the diameters of the corresponding 
orificef? ; with the charge A2, then, they would exist in another pi-oportion; con- 
Ber^uciitly die second law of Sawt woold no longer be satisfiea, at least as 
regards the two extreme veins of lihe series brought into comparison. 

The following new conclusions result from all this : With a sufficiently weak 
common charge, the proportionality of t^ie length of the continuous portion of 
Uie mercurial columu to the diameter ot the oritice does not exist throughoat 
the enture extent assigned to the ramtioiis of this diameter ; but it begins to 
manifnit itself when that valne is giyen to die common ohnrge at which the 
vein escaping from the largest of the orifices commencea to exist under the 
sffsctive conditions of Savart's first law. 

Respecting these conclusions, we must repeat what we stitid ^v ith regard to 
that terminating the preceding section, viz : that they are very probably appU- 
esblst at least to all very slightly viscid liquids, oonseqnenttj to water. 

Now, we shall see that wese same condusions, as also those of the pre- 
ceding section, are in accordance with the resolts of Savart's experimentSf 
which results relate to water. 

80. Savart has made two series of observations upon veins of water with- 
drawn from all extraneous influences, one with an orifice 6 millimetres, the 
other with an orifice 3 millimetres in diameter; the auooessive charges were 
theBame in botli rios. The two following tables represent the resnlta ob- 
tained, i. e.y tlie lengths of the continuous part corresponding to tlie ^^nccessive 
charges ; both the lengths and the charges are expressed in ceutimetres. I 
h%ve inserted in each table a third column, containing, in regard to each of the 
ISDgths of the eotttinnoos part, the proportion of the latter to the sqiiare root 
€f uie corresponding charge ; 



— — m — 












Dlaaieter uf tlio ori£ce, 6 millimetres. 


Diameter of the oiiiice, 0 


millimetres. 


Cliitrgeit. 


L«iigtli of tht) coa- 
tinQoas portion. 


Proportion to tbe 
■quern root of 
tbe cliarge. 


Charges. 


Length of tbe con- 
ttUHNu portion. 


Proportioa to tbe 
square root of 
the charge. 


4.5 
47 


107 
196 
143 
158 


50.4 
36.4 

27. 5 
33.0 


4.5 
12 
27 
47 


24 

39 

58 
78 


11.3 
11.3 
11.2 
li.4 



Befiue disenssing these tables, we may remark here that all the lengths of 

the continuous portions are expressed in whole numbers; •which sho'.v;^ that 
Savart has taken for each of them the uearc^it approximative whole number in 
centimetres, disregarding the fraction ; hence it follows that the lengths given 
hi these tables cannot, in general, be perfectly exact* 
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Th\M being eBtabHshed* let m now begin by examiiting tlie table xelating to 
Hie orifice of 6 mSSSmetaeB. It is evident that the pioportion of the lenglA of 

the continiion^ portion to the square root of the ch<arg;e dimini;?liGS considerably 
from the lirst ciiai^:*' to the la;jt; wlienr-f it foliowu that, m the case of a vein 
of water eacapiog irom uu orilice 6 millimetre m diasieter* it the charge be 
not mode to exceed 47 eaitiBitttieey fiamit'e ftrtt Uw is ftr firom being aatiaiied. 
Thus the fint conclusion of I 78 is oonformable with ezperimeut. MoreoTer^ 
the dimination of the proponion determmes the direction in which the true law 
dilTers from that of Sav^rt witlnn tlie limit nt which this begius to be suffi- 
ciently ajjproximative ; it is evident that the Iv-nj^Lii of the coutinuou.s portion 
then augments less rapidly than the Btj^uare root of the charge. In the i»ecoud 
jdaoe, as the propoitkm 'in qnestion inerenMa, we find thnt the latter eoaveigeB 
towards a certain limit, which must be a little less dum S3, i. e., the Talne eof- 
responding to the charge of 47 centimetres. In fact, whilst the charge receivea 
Buceessive augmentatious of 7.5, 15 ;\nd 20 centimetres, the proportion dimin- 
ishes euccespively by 14, 8.9 and 4.0 uuita, and the latter difference is Btill 
to1a»bly slight in regard to the value of tite latter proportion ; whence W6 
nay presume that» if the charge were atill further inc roa aed i the further dial- 
nution of the proportion would be very small, and that a sensibly constant 
limit would soon be attainedi at which limit Savart's iiist law would h% 
satisfied. 

Let us now find the proportion of the velocity of transference of the iic^uid 
«t the extremity of the continuous part to that at the oontrMted section, in the 
case of the Tela eaoaplng under a charge of 47 centioketres. We shall disregaxd 
here the small alternate variations which have been treated of in § 77, and shall 
therefore conBider the Telocity of trfiiisferenoe of a horizontal section of the 
liquid of the vein as being also that which this eection would have if it had 
fallen freely and in a state of isolation from the height of the level of the liquid 
in the vesflcl. Then* on neglecting the small interval compiiaed between tfao 
orifice and the contracted 8ection> we slull have for the vdccity in quwtion» 

at any dietanee I of this section, the Talne V2g.{h+l); if, then, / denotes the 

length of the C0TitinnmT^5 portion, the proportion of the velocity at the end of 
this length to that at the contracted section will be expressed generally by 



sion for k and / the value relative to the v(!iu in question, i. c, 47 and 158, we 
find for the relation between the extreme velocities the value 2.1. *l'hus, al- 



.6 millimetres may probably nearly exist under the effective conditions of Savart'B 
first law, the velocity at the end of the continuous portion is even more tha& 
double the v! locity at the contracted section, ao that the movement of transfer- 
ence of the liquid is still more considerably accelerated. The second corichision 
of § 78, therefore) appears so far to agree, hke the first* with the results of ex- 
perimentB. 

Let us pass to the table relating to the orifice of 3 millimetres. Here it is 

evident that the proportion of the length of the continuous portion to the 
square root of the charge i" vf^vy nearly the same for all the charges ; whence 
it follows that, with this oriiice, the vein already begiub to come within the 
cfiective conditions of Savai-i's first law under a chaige of 4.5 ceuiimctrcs. 
But, according to what we have stated, the orifice being fi millimetres, the vein 
docs not satisfy these conditions except under a charge at least equal to 47 
centimetre? ; the charge at which Savart'a first law begins to be realized, then, 
augments and diminishes with the diameter of the orifice, and much more 
rapidly than this diameter. Now, this is the sabstance of the concliuk>a 




thongh, uuder a ch. 
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Loetlv, if, in the general cxpresaioa of the relation of the extreme velocities 
itmoA aDove» we rvplaeo h md I hy the Taloee 4.5 and Si nltttive to the first 

vein of the tabic under consideration, we shall find for this relation the valuA 
2.5; v/hich shows that with the charge 4.5, under whicli the; vein U already 
placed in the effective conditions of Savart's law, the velocity of trausferefice 
of the liquid is still very uotably accelerated. No doubt can, therefore, remain 
of the legitimacy of die aeeond conduBkm of § 78. ' 

Let us now calculate, for etuk of the four chtrgis, the proportion of the 
lengths of the continuous parts corresponding leepeetively to the two orifiooB ; 
we shall thus form the following table : 

ChttseB» Froportions. 

4.5 . 4 46 

12 • 3.23 

27 2.46 

47 2.03 

This table shows, that for chare::es below 47 contimetres the relation between 
the respective lengths of the continuous portions of two veins of water escap- 
ing, one from an orifiee 6 miUinietfes ia diameter, and the ether firam an orifice 
of half this diameter, is far from bemg the same as those of the diameters; 
"whnnco it follows that, under these charges, Savart's second law is not satisfied. 
But it is evident, at the same time, that this relation couvcrp^es tovvai*ds that of 
the diameters in proportion as the charge is augmented, and that, under the 
eharge of 47 c^tnnetree, it nearly attains it ; now, according to what we have 
seen above, under this same eharge of 47 eentmietres, the vela escaping from 
the larger of the two orifices very probably nearly attains iha effective con* 
ditions of Savart's first law. The conclusions of the pree<^ding Fcction appear 
then to a;;^ree, as those of § 78, with the results of observation. We shall now, 
however, ^ee this agreement confirmed by the resului obtained with veins of 
wato* when not wi&drawn from extrsaeons mflmmeee. 

81. Theee extieaeaiHi mfineaces, which consist of oeitiiti more or less rega« 
lar vibratory movements transmitted to the veins, do not appear to alter the 
law^ under con^^i deration, considered generally ; but they produce a curtail merit 
of the continuous portions, and thus produce the same effect as a diminution 
of the diameters of the orifices, so that under their iniiueuco Savai t's laws be^ 
gin to be realised with speaker ehaxgoe. 

I have just stated that the complete laws which govern the oontinuoas por* 
tion do riot appear to be changed by the extraneous influences in question; 
this will be readily seen when, for r arh of the series made by Savart und(!r the 
influence of these actions, in which, series the orifices, the charges, and the 
liquid are the same as before, we oomtruot a table of the proportions of the 
length of the continuous part and the square root of the charge. Notwithstand^ 
ing the slight difEerences arising, on the one hand, from the irregularities inherent 
to the <^xtraneous influences, and, on the other li ind, from Savart always having 
given the lengths in whole numbers, we shall see that with an orifice of 6 mil- 
limetres the proportion still begins to diminish, and converge towards a certain 
limit; only here the limit is less, for the reason I have giifen •hove» and the 
limit appears to be attained under a less ehari^ than 47 osttthBetvea ; 2d, thafc 
with an orifice of 3 millimetres the proportion is perfectly constant. 

Hence the series iu question may serve for the discnsaion of the laws 
which govern the length of the continuous part. I shall limit myself here to 
die production of two of these series; they consist of those which Savart 
adopted as his tpn, and from whidb he dedoeed hu l«ws» The folbwing an 
the tables oentauung tliem : 
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Diamoter of the oti&oo, 6 miUimefciM. 



Diameter of the ori^ce, 3 miUiuiotrea. 





Length of tlw oon- 
Uaaoiw iNMrtioa. 


Prop<Hllon to the 
•qoara root <rf 


CtuirgM, 


Leagthof tbeeoD* 
tlumM pogrtioB. 


Proportion to tlis 
HqUare rOOt Ot 

th» ctMTge. 


4.5 


40 


18.9 


4.5 


16 


7.5 


]g 


59 


17.0 


12 


S5 


7.2 


27 


88 


15.8 


27 


41 


7.9 


47 


112 


16.3 


47 


66 


&0 



and the first shows tbat, with an orifice of 6 millimetres, the proportion of the 
leuglL of the continuous portion to the square root of the charge appears to 
have attained its limit even with a charge of 27 centimetres; the slight in- 
crease manilested in the case of the succeeding charge is undoubtedly due to 
ihe causes of irregularity which I have mentioned. 

Let US further calculate, for these two series, the proportions of the lengths 
corrospondiog^ rcspectiTely to the two orifioes» which gives as the following: 
table : 

Chaises. Proportions. 

4.5 2.50 

12 f 2.36 

27 — 2.00 

47 2.04 

It i?, therefore, also under the (d}arge of 27 c<nitirnetif 3 that the proportion of 
the lengths of the continuous portions attains that of the diameters of the 
orifices, which completes the establishment of the conformity of the conda* 
sions of § 79 to the results of observation. 

Lastly, with an orifice of 3 millimetreg, Savart has made a serins of obser- 
vationf corresponding to four larger charges than th • preceding, and the pro- 
portion of the len^h of the continuous portion to the square root ol" the chaige 
still appeared perfectly constant; the first of these new charges was 51, and 
the last 459 centimetres. 

82. Thus, as we have been tanght by Savart's investigations, the vein gives 
ripe to the production of a continuous sound, principally ariping from the p^^ri^ 
odicul t<hock of the isolated maj^ses of which tlie dij^contiuuous portion is com- 
posed agaiust the body upon whicli they laii, aud this sound may be made to 
acquire great intensity by tecdving the disoontinnons portion npon a tense 
membrane. On comparing the sounds thus prodnced by veins of water und^ 
different charges and with orifices of different diameter?, Savart found that, for 
the same orifice, the number of vibrations made in a given time is proportionate 
to the square root of the charge; and that for the same charge, this number is 
in inverse proportion to the diameter of the orifice. We shall now see that 
tiiese two laws also result bcm our principles. 

Let us again have leooorse to imaginary veins. In these the length of the 
divisions is equal, as we have sccti, 74.) to the normal leugth of t)io<e of a 
cylinder of the same liquid, foi-ni( d innler the conditions of our laws, and hav- 
ing fi>r its diameter that of the contracted section of the vein ; thus this length 
depends only upon the diameter of the orifice and the nature of the liquid, and 
does not vary with the vdodty of the flow. Now it follows from this, that for 
the same liquid and the same orifice the number of divisions which pass in a 
given time to the contracted section is in proportion to thi?* v.-locity, i. e., to 
Vs^. coueequently to ^/h. But each of these divi.^ions farui-Ii> lowor dowti 
an Isolated mass, and each of theee subsequently strikes the iiicmbiaiie ; the 
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Bnmber of impulses pvodnoed in a given time li equal tlien to thai of the divi- 
eioDs wliich pass ia tne same time to the contnustea taotioiw And ia oozmeqaefitly 

proportionate to the fiquare root of the charge. 

In the second place, as the normal length of the divisions of a cylinder, sup- 
posed to exist under the conditions of our laws and composed of a given liquid, 
is proportionailo to tiio diameter of tbis cylinder* it fbllows tbst* for any liquid* 
the length of the divisions of the imaginaij vda Is prop<Mr^iiate to tho Jiame« 
terof the contracted section, and therefore exactly proportionate to that of the 
orifice. Now, for a given velocity of escape, the number of divisions which 
pass in a given time to the contracted section is evidently in inverse ratio to 
die length of tliese divisioiiB ; if, then, tihe liquid vanaiiia ik» Btmb, Hua niuaber 
ii exactly in inverae ratio to the diamoter of the orifioe. 

Thus the two laws which, according to Savart, regulate the sounds produced 
by the veins, would necessarily be satisfied with regard to our imaginary 
veins. Now, I say that the sound produced by a true vein will not differ from 
that which the corresponding imaginary vein would produce, if the charge is 
nifficient relatively to the diameter of the ori£ee for the Telocity of transfer^ 
ence of the liquid to augment very slightly from the contracted section to a 
distance equal to the length of tho flivisionj^ of the imaginary vein. Then, in 
fact, within this extent, the two causes which tend to modify the lenji^-th of the 
divisions, (§ 7G,) i. the acceleration of the velocity of the liquid and the 
reealting din^ution in the diameter of the yein» will both he yery small ; and 
as they act in opposite directiona» 'their xesnlting action will be insensible, so 
that the divisions will freely acquire at their origin the length corresponding 
to that of the corroppnnf!in£]^ imaginary vein. Now, it is r1o?ir that in tin"? cnse 
the number of divisious which will puas in a given lime to the contracted sec- 
tion will be the same in the real aud the imaginary vein; consequently the 
MOttds prodnced by both the veins wUl also be identicaL 

But in confinmg oursdyes to very slif^tly yiscid liquids, as water, we know 
that the relation between the normal length of tho divisions of a cylinder 
imagined to exist nnder the conditions of our laws and the diameter of this 
cylinder, must very probably differ but little from 4 ; cousequently the same 
applies to the relation between the length of the divisions of an imagmary 
vein fonned of one of Aese liquids and the diameter of the contracted section 
of this vein. If, then, in a true vein formed of one of these liquids the in- 
crease in the velocity of transference is very slight at a distancf fVora tho con- 
tracted section equal to 4 times the diameter of this section, the coudition laid 
down above will very probably be satisfied: Ixuwever, to avoid any chance of 
being deoeivedf we will take* mr instance, 6 times* this diameter. 

It is, moreover, dear that, if the condition thus rendered precise is fulfilled 
with regard to a given charge and orifice, it will be so, a fortiori, for the same 
orifice and greater charges, and for the same charge and smaller orifices. We 
arrive, then, at the following conclusions : 

1. When a series of veins, formed of a very slightly viscid liquid, flow suc- 
cessively from the same orifioe and under different cliarges, if the least of them 
is snffident for the velocity of transference of the liquid to augment very 
slightly, as far as a distance from the contracted section equal to about 6 
times the diameter of this section, the number of vibrations corresponding re- 
spectively to the sounds produced by each of the veins of the series will neces- 
Mtily satisfy the first of the two laws disoovered by Savart 

8. When a series of veins, formed of a very slightly viscid liquid, escapes 
under a common charge and from oi ifices of different diameters, if the common 
charge is sufficient for the same condition to bo fulfilled with rei^ird to the vein 
which escapes from the larger orifice, the number of vibrations corresponding 
respectively to the sounds produced by each of the veins of the scries will 
aeobssarily satisfy the second law. It now remains for ns to show that the 
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above condition was satisfied in the oxperimenti firom vUefa Siifvt dadimft 

the two laws under consideration. 

In the series relating to the first of these laws, the diameter of the coipmon 
orilice waa 3 milUmetreSi and the smallest charge was 51 centimetres ; and ia 
the tenet whioh veftn to lh» eeeoad UMr« the ^vnb of the eoaunoa charge wml 
the tame, 51 ewHatatxen, and the diameter of the largest orifice wag 6 nulli- 
motro3. For our condition to be fulllllt'd with rcg^ard to both scries, it was 
therefore evidently sufficient tlmt it was so iu the vein which oscaped under the 
charge of 51 centimetres, and fruui the orifice the diameter of which was 6 milii-* 
laetree. Now on mnltipljing this diameler by 0.8, we obtaia &r the approx- 
inuvthre'valae ^ that of the oontmietfid l o e ti o a of the v^n in queetbn 4»8 miUi*' 
matwB, and 6 tunet the kitar ^vaatity ghres m 2&S millmwifapett 9r neorljp 

3 centimetre 3. Now if in the expression - /Alt^, which gives the general yaluf 

of the relative proportions of the velocities of traiif^ference at a distance I from 
the contracted section and at ilii?* section, (§ 60,) we make /<— 51 and i^'J^ wo 
obtain for this proportion the value 1.03; whence it is evident, Uiat from the 
contraeted section to a distaaee equal to about 6 times the diameter of thia 
section, the velocity of transference of the liq^uid of the vein in question Only- 
increased 3 centimetres more than its original vaiuc- 

83. Let us imagine a vein of water, and let us call a division considered im- 
mediately after its passage to the contracted-section, i. e., at the instant at which 
its upper extremity passes this section, the nascent division. It follows from 
what we have detailed in the preceding section, starting witb a sufficient charge, 
that the proportion of the length of t£e nascent divisions of the vein in ques- 
tion to the diameter of the contracted section will assume a constant value, i.e., 
independent of the cluuge, and that this value will very probably differ bat 
little from 4. 

Now the results obtained by Savart in the experiments relative to the laws 
which we have just discussed ;allow us, as ve shall see presently, to verify the 

consequenc(» of our principles. 

The two opposite cau!?es wliiclj tend to modify the length of the divisions 
are also those which exert an inilnence upon the velocity of transference, or, 
more precisely, upon, the velocity of the tmnsference of the necks which termi- 
nate them, (§ 76.) Now, in the case under consideration* these same causes 
both remaining very small thvou^ont the extent corresponding to a nascent 
division, tlieir resulting action upon the velocity pf transference of the necks 
will be iupf risible throughout this extent; consequently the velocity with 
which a neck descends may be regarded as exactly uniform and equal to the 

velocity of the iiow, '^2gA, from the contracted section to a distance equal to 
the lei^g^ of a nascent division. 

then, for an orifice of a given dianiter, I dmolea the length of a naseeoat 
division, aiid t die time oceupied by a neck to traverse we shall have 

tforeover, let » represent the number of divisions which .pass to ihe contraeted 

section in a second of time; as the time t evidently measures the duration of 

the paseagc of one of tiiem, we shall have, takiog the second aa the unit of 

1 1 

time, f=-, andtierrforeAae:- VSfl^A. Lastly, let k denote the dfameler of 

the contracted section correspond iup^ to the same orifice; to represent the pro- 
portion of the length oi ihc nasccxii division to thiii diamett^, we shall ha.vQ 
tinafttoMilft 

i=i^^ 
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tl<»^rd«tiT«to.d.t«mi.>.aeh«8. «.a wifi.., w. only to m>«t^ 

by experimenty the number of vibrations per second corresponding to this 
daige and this oriibe; for then the yalne of k wOl be giyen, that St k may 
be deduced ftom the diameter of the orifice employed ; we shall find that of » 
by taking (see preceding section) half the number of vibrations found ; andt 
lastly, that of \^ known. It is unnecessary to remark that the values of kf 
k, and g must be reduced to the same unit of length. Now, Savart's obeerva- 
tions relative to the firut law give us, for an orifice of 3 miiiiuietreB, the num- 
- ber of vibrations per second eorresnonding respectively to fimr difibrent charges ; 
we can ealcnlate then, fbr each of these oba^vations, the vslue of the proper* 
X 

tiou r. 
K 

The following table contains these numbers, with the charges to which they 
refer. The latter are expressed in centimetres : 

IMameterof theortibe, SminixiMfatM. 



ChiTfMi SomlMr of TibraliOM. 

51 600 

102 853 

ISS 1,024 

459 i 1,843 



We may conclade, from the results detailed in tho note to § 74, that when 
the diameter of the orifiee amoonts to .3 miUimetres, that of the eontneted 
section is almost ezadlr eigbt-tenths of this quantity; consequently, if we re- 
tain the centimetre as the unit of length, which gives 0«3 for the Tslue of the 
diameter of the orifice in qaeBtlon» we shall have 

i(=0.8x0.8»«0.84. 

Lastly, the numbers of vibrations, and therefore the values of supposing 
the second taken aa the unit of time, and the values of h and k being reduced 
to the eentimetie as the nnit of length, we must make ^^!=s980.9. 

Substituting in the fornrak (aj these values of k and as also those of h 
taken from the above table, and those of n obtained by taking the respective 
halves of the namben of vibntionB contained in the same table, we shall find, 

for die pwportlon the four foUowing numbers: 

4.39 
4.37 

4.46 
4J39 

and we see that, ui foet, these nnmbeis closely approzhnate to eaeh other, and 

very nearly amount to 4. The mean of these numbers, i. e., 4.38, gives ns 
then, very iier^rly, the constant value which, commencing with a suitable cbarg-e, 
the proportion of the length of the nascent divisions of a vein of water to the 
diameter oi the contracted section of this vein assumes. 

This is also evidentlj the value of the proportion of the length of all the 
diviaiotts of the continuous portion of a vein of water to the diameter of the 
contracted section, when the charges are sufScientTy considerable for the move- 
ment of tranfiference of the liquid to be perfectly uniform throughout the 
whole extent of this continuous portion. In experimentally determining, in 

20 s 
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ibe CMO of anj othw hi^vid, the nnmb^pc of vihratkinB oomflfoodiiig to apren 

duurge ancl otiiiee» tlie valm of raining to tbb Uqnid !■ alio olvtained tigr 

means of the foinnula faj If YO oovfino oumoItw to ISqindB, the viscosity 
of vhSoh is very slight, the valueo would vwy probably be llouud to dife bt^ 
IMdofromtbo pfeceding} and it may consequently be considered that, with 

tbo Mine charge and the same orifice, the sounds producml by the veins formed 
respectively of these various liquids are very nearly ot' tlic same pitch; but 
the cixtiii would undoubtedly be difiercixt, ai ieotit iu gejuexul, ii' we passed to 
fi|Qlda of eonflictarftble viseosity. 

fiamt says that the nature of the liquid a|^pea» to ezort no influence npoi 
the number of vibrations corresponding to a given charge and orifice ; hut he 
does not point out what the liquids were which he compared in this respect; 
from w hat we have stated, it may be presumed that those liquids were some.oC 
those the viscosity of which is very slight. ■ * 

84. 3iBoe the partial doxatioa of the tumefbrmation of a cylinder niay 0vi* 
dently be taken into account, as we hmro already temaiikea, by consideriag 
only one of the constrictions of the fig^uve, or Fimply the neck of the latter, 
and, ou the other liand, as tins duration varies, for the same diameter, with the 
nature of the liquid, it, follows that in the vein the time comprised between tb^ 
inirtaiit at whieh tbe superficial flaetion» wbieb eonstitatfla tae neek of a eont 
strieticmt passes to the contracted sectiOBt and the instant of the rupture of tlw 
Hoe into whkh this constriction is converted, will also vary, all other things 
b^g equal, with the nature of the liquid. Now, it necessarily follow:* from 
this, that for the same charf^e and the same orifice the length <^^ the coTitiiiuoua 
part of the vein will vaiy according to the nature of the liquid; and this con-r 
dnaion it also In ooniimnity with M reeolta of ezperinira InfiwttaaisvdB 
known, Savart baa meaanred the oontinnous poUion of four veins flowing um 
der identic^ circumstances, and fonnf d respectively of sulphuric ether, alco- 
hol, water, and a eolation of caustic ammonia and he found the foUowiog 
lengths : 

Kther 90' . 

Alcohol 85 

Water 70 

Ammonia ..* 46 

85. Hitherto we have only entered upon the consideration of veins projected 
yertically firom above downwarda. Let na wow consider veins projected m other 
tbaa vertiGal diieetiona. Tbtie aie ineiunned by tbe aetion of gravity, and 
not, therefoie^ be any fbrtber eompaied to cvlinders ; bnt we must remark, tbdt 

the phenomenon of the conversion into isolated spheres is not the ronult of a 
property belonering exclusively to the cylindrical form; it appears that thia 
phenomenon must be produced in the case of every liquid figure, one dtmeat 
aba of wbicb ia eonaraeiable with regard to tbe two otneni^ we bave, ln>iiui6 
aaan the Hqnld rmg formed in the expnrhnant described in § 19 beaooM Oik 
verted into a series of small isolated masses, which would constitute so many 
ppheren if their form were not slightly modified hy the action of the metallic 
wire which traverses them. We can nnderetand, tli( n, that in curved veins 
divisions passing gradually to the state of isolated sphercis ought also to be 
irodneed; emuMqnently, the eoaatitntion of veins projected either boirlMBtaUy 
or obli^nely nmst be analogona to that of veins projected vertically from above 
downwards, which conclusion agrees, in fact, with Savart's observations. 

Thisauid<^ of constitution must evidently extend to the ascending por- 
tion of tbe veins projected vertically from below upwards; only in the case of 
the latter veins the phenomena are disturbed hy the liquid which is thrown 
back* 
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S6w The propettlei of tihose liquid fignrea, ow dimenaion of wkteh !s eon- 
aiienihle with regard to the two otLers* and particuUrljr of cylinders; forntshea . 

tbeu the complete explanation of the constitution of liquid veins projected 
frorn circtilfir orifices, and accounts for all the details and nil tlie laws of the 
phenomeuou, at least so long as the modifications produced va it by extraneous 
causes, i. e., by the vibratory movements transmitted to the lit^uid, are excluded. 

Ab legnids the mode of action of theso vibratory movements, it is evident 
UMt the properties of the liquid cylinders cm not moke ns acqnUinted with 
them. These movements constitute a totally difiereut cause fiora the con- 
fif^ring; forces, conBcqiiently one which is foreign to the general object of our 
treatii>e ; however, to avoid leaving a deficiency in the theory, we will also 
gamine, relying upon other considerations, the manner in which the vibratory 
lioriments act npon the veni» and we shall thns arrive at the complete ex- 

{>Ianation of the modifications which result from it, and the constitntion of the 
atter ; but we shall reserve this Fubject for the following series'. 

The influence exerted by the vihrrirnry movements communicated to the 
liquid led Savart to regard the constitution of the vein as being itself the 
nsolfc of certain vibratory movements inherent in the phenomenon of the iow. 
Fiom this aesnmption, Savart has endeavored to explain how the Icind of dis^- 
titrbance occasioned in the mass of the liquid by the emission of the latter 
might in reality give ri>=e to vibration, and he has shown that the existence of 
the latter would entail the ultpnif.te formation of dilatations and constriction* 
in the vein, it has been shown, in the exposition of our theory, that the con- 
Mitntion of the vein is exphUned in a necessary manner by facts, qnite inde- 
Modently of all h3rpo'thesi8. Wo may then, I think, dispense with a detailedi 
discussion of the ingenious ideas which we have mentioned, ideas f ir the com- 
plete comprehension of which we mtist refer to Savart's memoir itself. We- 
^hall merely remark, that it it»^diliicuit to admit the kind of disturbance BU^- 
posed by Savart to occur, except during the first < moments after the orifice is. 
Menod| moreover, that it is not very evident how the vibrations in question*, 
aner having traced upon the surface of the veui a nascent division, wonld pro- 
duce the further development of the latter, po as to make it pass gradually, 
during its descent, to the state of an isolated mnns ; lastly, that to remove 
these difficulties, we should again be obliged to have recourse to additional 
hypodieaes, to arrive at the laws governing the length of the continuous por- 
tion, and those to which the numbers of vibrations conesponding to the sounds* 
produced by the shock of the disturbed portion are subject. However, it irf 
by borrowinp: one of SavMrt's ideas, which becomes applicable when, from 
Fome external caut^e, vibrations* are really excited in the liquid, that we find, 
the elements requisite for entering upon the ^xtter part of the theory. 
- 87. In the next series, after having concluded wnat rdates to tlie vein, wo- 
shall return to the liquid masses free from gravity ; and we shall study tho^ 
other fig;ure;s of revolution bessides the sphere and the cylinder, as aliio tho'^o 
fi^nn ii which do not belong to this clar^:^, for which the equation of equilibrium, 
may be interpreted in a rigorous manner. 
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TUIBD SCRUBS. 
nm-y of tk0 mtdf/SaOimt MA ttquid vtm, projected Jhm dmUar orificti, 

^ 1. In the preceding series we deduced from the properties of our liquid 
figures the theoretical explanation of the constitution of li^i^uid veius projected 
firom oireoliir orifioes and withdrawn firoip all. d[is^l|^jlgg ^uence; it nov 
lenuuns to coosicler, also* nnder a theoretical, pomt of viewt di^ . 'furious p^ 
Bomena which are produced when vibratory movements arc communicated iio 
the liquid. Commencinp^ our investigation, a.s has been alrrady stated, with an 
idea announced by Savort, we shall show how thetie movements combine tiieir 
effects with those of the configurative forces which determine the 
transformation into isolated masses, and thenceforth all the pheiibmiabll^ 
tioa will be explained in a natural manner. 

After aiming to establish, by help of an ingeniouni theory, that the disturb- 
ance occasioned in the mass of the liquid of the vessel by the efflux itself may 
excite in that mabs vibrations directed perpendicularly to the plane of the 
orifice, Sarart has shown that similar Tibtations would result in the formatloa 
of alternate dilatations and constrictions on the surface of the vein, hecane 
the portion of the latter which would issue during the continuance of a vibra- 
tion, directed from within outwards, would undergo a compression which would 
increase its thickness, while the portion which issued during tli<>> continuance 
of a vibration durected from without inwards would undergo, on the contrary. 
A oontraotion which wovld attenuate it Now* as our researches hare shown* 
the formation of dilatations and oonstrictions of the vein is due to quite aaotliBr 
ciiuse than vibratory movemontf', namely, to the instability of the equilibrium 
of figure ; but when vibratory movements are transmitted from the exterior to 
the liquid of the vessel, and exist, consequently, in reality in that liquid, wheo, 
• for instance, we place in. eommnniealaon witih the walls ol the vessel a eonorouK 
I instrument in Tibration, then the moTements in question must necessarily tend 
to exert on the vein the action supposed by Savart; and if the^e movementd 
are suitably periodical, their action will evidently concur with those of thf 
configurative forces. We shall presently examine this mon' closely ; but we 
must first return to a point of the theory which wo have stated in regard lo 
veins not submitted to that influence. 

^ 2. As was seen (2d series, §§ 72, 74, and 82) when the flow takes pisce 
in the direction of the descending vertical, if we imagine the movement of 
translation of the liquid to be exactly uniform, the laws of the transformations 
of cylinders apply clearly to the vein, and we thence easily deduce the laws 
indicated by Savart, Iblwb which control, we know, the leneth of the contiii' 
nous part and the sound rendered by the impact of the discontinuoos psit 
against a stretched membrane. But this case of nnifonnity in the movezneut 
of translation cannot be realized ; we can only approximate to it by augment- 
ing the discharge, f Ibid., §§ 72 and 7'.i,) and, in the whole length of the con- 
tinuous part, the movement of translation is always more or less accelerated ; 
whence it Mcessarily results thai* in the absence of confignradve forces, the 
vein would eontinue to grow narrower indefinitely from above downwards. 
Henoe, the liquid figure being no longer exf^etiy cylindrical, the laws of the 
transformation of cylinders could be no longer applicable to it without somf 
modification; and since the volume of the di visions of a cylinder is propor- 



* It w!11 be remembered tL'xt we dest^ate as divi$ion$ of a liquid cylinder tho pprtioos 
of that cylinder each of which is converted into an isolated spitprB, and that, during tbe 
traiuforrnntioii, dl the ^MtioBs SM limitod by the dnles of .the neck (eerdc$ do gorge) of 
tlw conaknctioas. 
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tionaMy less as the dinmotor of the cylinder is smaller, it would seem that the 
divibioiii* of the vein iiiudt undergo, during their descent, a gradual diminution 
of volume in a certain ratio with the above attenuation. Now, notwithstanding 
Ae apparent legitimaey of tbe inferenee^ this was aotiiing modre lhan . an hr- 
pothesis, and it was improperly presented as the expression of the reality. In 
effect, it led, in the first place, to a conscquenre difficult to be adniitted, namely, 
(Ibid., §§ 7G and 77,) that the liquid descends more rapidly than the divisions, 
and that, moving thus iu a sort of channel of dimensions alternately wider and 
uairower, its velocity would undeigo a succession of periodical variations; 

.inoreovert if the divisions lost something of their volume in the transit of the 
continuous part, it would follow that the volume of each isolated mass would 
be less than that of an incipient division, and as the same quantity of liquid 
must neceHf^cirily pass, within the same time, at all distances from the orifice, 
^e number of musses which would striksiper second upon a sti'etched mom- 
hroae would be greater than that of the divisions which would commence pep 
lecond at the contracted section, a result irreconcilable^ as will presently 

.^appear, with our theory of the influence of vibratory movements on tne vein. 
But another hypothesis may be formed equally probahle, a priori, which 
does not involve the difficulties just mentioned, and winch, as we shall tsoe, is 
sustained by the results of experiment. Instead of regarding each division as 
Ukdependept of those adjacent, and as thus fiieely and gradually diminishing in 

!' volume by reason of the progressive slendemess of the vein, so that all those 
which, at a given iuptant, are ranged ^ong the continuous part sh il! have 
volumes decrea.sing from the upper to the lower, it may be assumed with equal 
probability that these divisions are reciprocally depeudeut (wlidaires) a& re- 

Sirda one another, and that, in virtue of this reoipnxad dependence, fsolidmntd, J 
ey must all have an equal volume, but that, in consequence of the attenua- 
' .tion of the vein, this imiform volume is intermediate between those which 
would correspond separately to the two extreme divisions ; thi>^ volume would, 
^ therefore, he proportionably Ic.-^s as the vein tends more to grow slender, or, in 
.Other words, proportionably less as the discharge is weaker. In this way all 
' complication di.^ap pears ; the divisions descena with tbe proper velocity of the 
liquid without modifying their ini ti ll volume; the liquid does not pass from 
division to division, and hence its velocity of translation does not undergo 
periodical variations ; finally, each division wliich leaves the contracted section 
furnishes only the material of a separate mass, and consequently the number 
of masses which strike, iu a given time, upon a stretched membrane is always 
equal to that i of the divisions which pass, in the same time, at the contracted 
. jBection. Only, when we diminish or increase the discharge, the divisions 
. acquire, from their origin, a less volume in the ff)rmpr cji'^f' and a greater 
volume in the second, a volume which they will afterwards preserve through 
the whole passage of the continuous part. 
, /.. It is essential to remarlc here that these variations in the vohune of the 
. bacipient divisions necessarily require corresponding variations in their length, 
,.md that hence these divisions must be shorter or longer according as the ais« 
pbarge is weaker or stronger. 

§ 2 bis. We shall adopt, then, as more simple, and as harmonizing theory 
with facts, the new hypothesis just presented, and it will be necessary to cor- 
' lectin this sense § 76 of the Sd series. This hypothesis leads ns, like the 
. tirst, to recognize two kinds of influences acting in opposite directions on 'the 
law which determines the length of tht; continuous part when we cause the 
discharge to vary ; but here, again, we shall see tliat matters tend to simpUii- 
cation. 

First, let us remember that if the movement of translation were uniform, 
tbe proportionality to the squam root of the disohaigo would still be satisfied, 
even beguuiing with veiy weak discfaaigest (9d 9mm, {§ 72 and 75.) Now, 
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if OediviitoiiB defleend with tbe aoeelefatod Tdoeify of the liqtiid, and if 
Buppose that there thence retnlts no ebaage in thednralioinof their traagflbiamr 

tion, they will pass, during that duration, over a more considerable space, b6 
that tho continuous part will be longer than if the acceleration did not exi!*fc, 
and the fxross, compared with the length which the continuous part would 
have iu iliu cutie of the uniform movement, will be coii8ideraJi>le under a weak 
«r moderate diieliatge» while it will he Inoonndemble nnder a very stroi^ die* 
eharge— this latter fendering the moTement of tnBMlntion in the continuoue 
part sensibly uniform. Accordingly, when we pass from the first of these two 
' dischargct* to tho gecond, the ratio of the leugtha of the continuous parts which 
respectively correspond to them will be nearer to unity than it would bo if the 
acceleration were null ; that is to eay, nearer to nnitj than iliat of the equare 
voote of die diediargeB* 

But the diTieionfl cannot descedfl with an accelerated movement without 
being at thr paino time elongated, (2d scries, § 76,) and thence proceed two 
causes of diiumution in the duration oi" the transformation. We have aeeu 
(2d series, § G6) that the more the length of the divi&ious of a cylinder aor^ 
pastes the liont of stability, the greater is the rapidity of tfaaieforuution; and, 
on the other hand» the etretchtng out which the divisions of die ▼eln dms 
undergo must attenuate the constrictions more than the dilatations, because 
the former, having already a tendency to grow deeper by the act ion of the 
configurativc forces, oppose no reisidtauce to the effects of the elongaiiou, while 
the latter resist by virtue of the contrary tendency. This second iuflueuoe» 
tite diminution, namely, in the duration of the transfbrmatkmi a dimlniikiim 
which must be bo much the more decided as the rapidity of translation less 
approximates to iiTiiformity, or as the discharge i;^ weaker, operates evidently 
to render the law more rapid than the proportionality to the square root, ol' the 
discharge, and this influence is consequently opposed to the former. 
' Finally, there is a third inflneace, tne inverse of the preceding* and henee of 
Ae same ehamcter widi the first: as was shown at the end of the 2d pars- 
graph, tho" incipient divfeifms must be proportionally shorter as the die charge 
is weaker; but, agreeably to what has been said above, this curtailment, by 
diminishing the excess of the length of each division beyond the limit of sta- 
bility, must tend to augment the duration of the transformation. Consequently 
the 78th paragraph of the 2d series, relating to the nentralisatbn of the two 
opposite kinds of influences, and therefore to the manifestation of tlie laws of 
Savart, remains unchanged ; only it must not be forgotten that the influences 
to which we now refer are not altogether those which were indicated in the 77th 
paragraph of tliat series, and it will be seen that they are rather more simple. 
But the second part of the 82d paragraph of the 2d series, in which wo sought 
to establish a frwri the conditions for realising tlie laws adTanoed hj Savirt 
In regard to the sounds which veins render, cannot be maintainedf for the coft* 
sider itions therein set forth rest on the first hypothesis. In reasoning accord- 
ing to the new one we will say : for a determinate oriHce, in proportion as the 
discharge is increased, the constitution of the vein approximates more and 
more to what it would he if there were no aoeelettttlon, and consequently the 
length of its Ihcipient divisions verges towards that which they would acquire 
in the same case; whence it follows, from the first part of the same paragraph 
82, that starting with a less discharge sufficiently strong, tht oP Rnvjirt 
will be necefsarily satisfied. This is all that the new hypothesis can luiuish 
us on the subject of the conditions in question ; it does not enable us to deter- 
mine the least discharge noder which these eonditions begin to he ftaUiUed; for 
it does not give the precise elements for eskukting lihe lengfth of the infl^ieat 
divisions. 

Lastly, th*:* eommencement of § 83 of the 2d series, which establishes, upon 
the other hypothesis^ the approximate uniformity of the movement of transU- 
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tkm die nMki (cerdtt de gorge) of A» eooBtrielioiiB m the email extBUl 

which conrcgponcU to an incipieut diTition, mutt be also rectified. Ou tha aev 

hypothesis, the movement of translation of the cercles de gorge is the movement 
itself of tlio li(|nid, and we can calculate consequently with exactness, for the 
Eischarge and orihce employed by Savart, how much the velocity has increased 
^ • distuifio from the eoBtractei seetloii six timea the dhtnieter of that 8ee> 
tkm, that is to WKf, evidently greoter thfta the length of an incipient division, 
and the increaae thus obtained scarcely exceeds a hundredth. Xhe new hy- 
pothesis therefore establishes, as well as the first, the nejirly exact uniformity 
of the movement of translation of the cerdes de gorge in the small extent in 
qnestion, oad conaeqaently all the rest of the paragraph is justified. 

having been made^ we proceed directly to the sub- 
ject. We will first briefly recapitulate what, according to the researches of 
Snvart, nre the modifications which the vein expericncf!? under the rirciim- 
slances we are considering, that is, when it is under the iuliuence of vibratory 
movements. The first fourteen of the following Nos. relate to veins descending 
'Teilically* 

w 1. The continwNU part is shortened. 

8. The thickness of the limpid portion seems augmented. 

3. "RfU'h of the misses which are isolated at the lower extremity of the con- 
tinuous part is fust flattened in the vertical direction, and conr^i (jueutly its 
horizontal diameter is greater than that of the -sphere which it, Lcudu to cousti*. 
into. 

4. The masses being thus ab iiid oned to themselves under a flattened fomt 

and tending to assume the spherical form, they afterwards exceed this latter 
through the effect of inertia, and are lengthened in the vertical direction, are, 
then fattened anew, and again elongated, and so on in succession ; so that theur 
horizontal diametBr, wliieh was at first greater tlian tliat; of a sptee of the same 
9ohinie> lieoonies afterwards less than this latter, tlien again greater, These 
Jieriodical variations of the bOmsontal diam^w of the mass(;s taking place 
while the latter are borne forward by their movement of translation, the im- 
pression left on the eye by the rapid passMuc of any one of these masses must 
be that of a hgure pre^^eutiug a regulaxiy arranged series of maxima and minima 
of thickness, the mrmer eoneesponding to the places bj wliieh the mass h^ 
..passed at the moments of its gieatest noriiontal development, and the latter 
to the places by which it has passed at the moments of greatest horizontal con- 
traction ; and since the euccesaivo masses pass, either exactly or nearly so, by 
the same places in the same phases oi their oscillations of form, the impression 
which they individuallv produce are more or less completely identified, and the 
diseontinnonB part of the vein presents in a permanent manner the differences 
of thickness in question; in other words, this diseonlannoas part appean to be 
composed of a regular scries of elongated expansions and node'^ oecu[>yi!i g fixed 
positions. When the above superposition is imperfect, each expansion presents 
the appearance of an assemblage of films, of which each con!>ticu(,cs a species 
of cone hsring its axb that of the vem. About the half of the first expan- 
sion is fianned bj the pasai^ of the dilatations of the base of the continuous 
part, so that this contbiaons part terminates about the middle of the length of 
. that expansion. 

6. The length and the diameter of the expansions are so much the more con- 
siderable as the discharge is stronger and the diameter of the orifice greater, 
- nnd the same is the ease as regards the diameter of the nodes. 

6. This assemblage oi phenomena is manifested even when the is teft 
to itself under the ordinary circum3tancc-% tliat is, when vibratory Tnovoments 
are not designedly excited in the liquid of the vessel. This results, on the one 
hand, from the circumstance that the impact of the discoutmuous part upon the 
li(£iud m which it i^ls occosloas vibratioas whieh are transmittea to the vessel 
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througli the intervention of tlic air and the snpports, and. on the other hand, 
from the vcBsel also receiviii;2; through the nupporta the alight vibrations due to 
external rounds communicated by the ground, it ia only by withdrawing the 
vewel, by means of oertain ezpeaieiita» from these two InfliieiioeB llial thd Tefait 
acuromes the aspect proper to it. 

7. Bat all the phoioaieiui enumerated under the first five of the preceding 
numhers become much more decided and regular when, by help of an instru- 
ment, we produce, in the vicinity ot tlie apparatus, a sound in con80nanc«3 with 
tliat wiiich would retiult irum the shock of the discoDtinaous part ui' the vem 
against a stretched membrane. The conthmons port is then considerably short- 
eued ; the diameter of the Umpid poxtion is increased, the dilatations, being stiU - 
further massed upon themselves, grow larger, so that the nodes which separattt' 
them are more elongated, and appear of smaller diameter. 

8. Besides the above unison, other sounds, produced by an iustr^ment in the 
neighborhood of the apparatus, act upon the vein in an analogous manner, but 
with much less energy. There are also sounds which exert no inflnence. 

9. In the particular case where the instrument varies very little from nnlson^ 
the continuous part of the vein is lengthrnr fl and shorteiiPf] altemntely, and the 
ear is sen.siblc of beats which coincide with tiiose variations of Ini^th. 

10. When the discontinuous part of the vein is received on a body which 
can render only a deteni^ate sovndi it frequently happens that the Yibrations 
of that body modify the sound proper to the vein ; but this appears impossible 
unless the interval between the latter sound and that which agrees with the 
body impinged upon does not exceed a minor third. When the sound of the 
vein is thus modified by a foreign sound, it frequently requires only, in order 
to cause a return to the tone which pertains to it, a slight blow on the apparatus 
or a change of position in the body impinged upon, and it is always by abrupt * 
starts that the return is efiected. If the interval between the two sounds be 
▼ery slight, they may make themselves heard periodically or even simultaneously. 

11. Tlw inodifications which the v^ experiences under the influence of the 
vibratory movements still increase and acq^uire a perfect regularity when the 
sonorous instrument, (7,) instead of being at a certain distance from die appara* • 
tuB, is placed in contact with the walls of the Tessel and renders a very intense ' 
sound exactly in unison with that which is proper to the vein. The continn- 
oua part is then so much abridged that the upper extremity of the first dilata- 
tion almost touches the orifice, and, further, the superpObitiim ot the expansiona - 
formed by the individual masses (4) is exact, so that nu appearance of films is 
longer perceptible. 

12. This extreme regularity enables us clearly to distinguish the appanmt 
figure produced by the passage of the spherules interposed between the masses, 
a figure which occupies the axis of the vein from the extremity of the continu- 
ous part ; here also may be observed expansions and nodes, but shorter than 
those which are due to the passage of the masses. 

13. By means of an instrument thus placed in contact with the waUs 4>f the 
vessel, sJmost all sounds can produce efitects analogous to those of nnison with 
the tone proper to the vein; but these eficcts are lesa de cided in proportion as • " 
the sound of the instrtuncnt varies more from the unij^oii in question. 

14. i<\irther, under this condition, when the sound which is natural to the 
▼eul is not in accord with that of the instrument, it may be Inronght to be so, - 
even when the variance between the numbers of vibrations is sufficiently great 
to constitute an interval of a fifth above or more than an octave below the 
sound proper to the vein, 

15. If the vein, inbtcad of liowing vertically from above downwards, ia pro- 
jected horizontally, and is left to the ordinary circumstances, or, in other words, 

is not under the influence of a sonorous instrument, hut is allowed to strike the * 
liquid of the vessel which receives it, the diseontmuous part presents ezpan* 
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npBf and aodet »«di iui»>m IIm mme cireimi6tBii«et, are prewflted hy tbftt of 
verticaUj dwaroding veins, (6,) and the vibrations of an instrument nodify H 

iu the same Tn:nmcr. If the vein be ejected obliquely from below upwards, 
the same phenomcuaare still ol).-»rrved, so long ad the aogie which it forms with 
the horizon does not exceed ;;>U to 25^. 

• 16. B«t b^^oad At! Bmit, and as far w 46^- to 50*^r the diicontiiinous pai-t 
mtmmm other aspects : when the ▼end is not under tbe hifliieiiGe of the sound 
of an instrnaMBi^ this discontinuous part appears spread out on one vertical 
plene into a sort of sheaf. Under the action of vibrations of ;i (Infinite period, 
It may happen that the sheaf is resolved into two quite dissiiiict jets, having 
each its expansions and nodes regularly i'ormed ; it may cvcu be that, lor 
ii<tfh<eM' defijdle eevnd* Ibe theaf shall be replaced by three Jets ; finally, there 
ii idways a sound which reduced the entve Teia to a singb» jett presenting a 
system of expansions and nodes perfectly regular, and tlii.s Bound IB also uat 
which produces the greatest shortening of the continuous part. 

17. For the same discharge and the same orifice, the number of vibrations 
cQn'esponding to the sound which exerts the mazimam of efiect on the length 
oC Ibe eonttnnoQf port and en the dit a ens i one of the expansions of the v^n, 
k 80 much less as the direction in which this last is ejected makes a greater 
aDorlo with thf^ descending vertical drawn from tlie orifice. The difference 
between the num^i's of vibrations which corre.Hpoud with the case in which 
the jet ialia vertically 'ind with tbdi in wiiich it is projected horizontuiiy, is 
v&emddenbfef bni H beomnes Tery great between this last ease and that in 
whidi the jet is an ascending Yerttou. • 

§ 4. Let us proceed now to the explanation of these singular phenomena. 
What follows, aa far as § 24, will relate to veins ejected in the descending ver- 
tical, and, up to that point, such veins must constantly be kept in view. 

Experiment has taught us (2d series, § 46) that, iu the transformation of a 
liq^M eyfinder the length of a eenstrietion is ezaetl^T er at least almost exactly* 
eqeal to that of a duatation, and we shall hereafter demonstrate that this 
equality is strictly exact ut the coramencement of the pbenotn^'non ; now this 
rciiuit is evidently applicable to the incipient constrictions and dilatations of 
the vein, and it follows that the respective durations of the passage of one of 
thepe constrictionB and of one of these dflatatlons at the oontraeted section are 
equal ; on the other hand> a division of a cylinder or of a vein being com- 
posed between the centres of two neighboring constriotions, and hence being 
composed of a dilatation and two scmi-constriction«. the duration of the 
passage of a division of the vein at the contracted section is necessarily 
equivalent to the sum of the durations required for the passage of a dilatation 
sad a eonetricthm 1 and s^soe those two last are eqnal, we arrive at this first 
conscqnenee* that the doiation of the passage, whether of a constriction or .a 
diUtatk>n» at tiie eontaaoted seetioD, is eqnal to half that of the ppuwage. of a 
division. 

But the number of vibrations per second corresponding to the sound ren- 
dered by the impact of the discontinuous part of the vein upon a stretched 
monbiaan is* we have seen, (2d series, § 82,) doable that of the isolated masses 
whieli, in the. same interval of time, strike upon that membrane* and, in virtue 
of our new hypothesis, (§ 2,) this Inst number is always oqnal to that of the 
divisions which pass, within the same time, at the contracted section ; hence 
the duration of each of the vibrations in question is, like the duration of the 
passage of a constriction or a dilatation, equal to half that of the passage of 
a diTision, and we thence deduce, finally, this fundamental conclusion : T?ie 
dumiion of each of the friirmtwmf cane^pondimg to tkt smmd proper to the vem 
t> equal to that of tktptuMg^ if a eo m t n Oioit w a dUaUttkm at the con- 
tracied uclkm. 
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§ 6. Let ns suppoae now that, through the meaiui' Mi c Ml e d by Savarti v/m 

have withdrawn the vein from the influence of the vibrations caused by the 
fall of the liquid into the vefsel which receives it, and from that of oxtenial 
noi.^^eB ; and that then, the vein being left to the t»ole action of the coutigurii- • 
tive forccii, we traofimit to the veasel from which it CBCc^es, aad consequently 
to the laquiiL eoatalind thevein, a MMtiid exMtly ia wiaiOB with th«t wUch 
would be rendered hj the Impact of the discontinuous part against a membttVllt 
The li([iiid which flows from the interior of the vase towards the nrificf. paasca 
through it nnder the action of the resulting vibrations; and if these are coior 
municated iu a vertical directiou> each portion of the vein which escapes at tU^ 
cantnieted section, ni^er tibft ittflneaee of a deioeiiding vibntioa^ will be pvfk- 
pelled by tbe Teloeily V^gh ineretied by tbal of the Tibm^oni and will» eo^* 
sequently, contain more liquid than the portion which would have passed 
the same time in the abj^fnco of tlif^ vihrntiont^. The excess of velocity will 
tend, it is true, to be communicated to the part of the vein situated below tlii^ 
which we are considering ; but, putting out of view for a moment the config- 
tinitive fbrces, we mnst at least admit Stat this Inferior part will oppose a 
tain resistance iu virtne of its inertia, and that, therefoie, the ezoess of lifaid, 
superinduced by the excess of velocity, will tend to disperse itself in a hori* 
Sontnl flirection, or, in other words, to dilate the portion to which it pertains. 

Tliit^ being premised, it tlie nenrly cylindrical figure which the vein would 
assume under the sole effects of the movement of translation of the liquid and 
of the cirenlar iSmn of Ihe orifiee was a stable figure of equilibrion, the poctMiii 
which, under the action of the descending Tlbratlonf dilates while it passea. «l 
the contracted section, would at the same time exert an effort to return to its 
first form; whence it necessarily follows, upon the hypothesis in question, that 
in proportion as the dilatation is formed, it would be propagated to the subjacent 
sections, and would constitute on the sarfiwe of tiie vein a dilated wave of a 
certain length, whieh would adTnnce with a Telocity eqaal to the snm of the 
velocity of its own propagation and of that of the liquid. Then also the poa^ 
tion of the vein which would aftorwnnlj^ pass at the rontrneted peetion under 
the action of an ascending vibration, and which would consequently traverse 
that section with the velocity -^/-Tgh diminished by that of the vibmtioo, would 

Sodnee, for the opposite reason, a constricted wave of the same length with 
e dilated wave, and which would advance behind the latter with the same 
velocity ; there would then come a new dilated wave followed by a new eo^ 
stricted one, and so on, as long as tlie commnnication of vibratory movements 
was continued. But, by reason of the instability of the cylindrical figure and 
of the tendency of the veui to transformation into isolated spheres, things will 
pass in quite another manner. Let us fniagine that the lower extremity of one 
of the dilatations, which would be formed by the sole notion of the configwra- 
tivo forces due to the instability, should traverse the contracted section at the 
precise moment when a descending vibration commences in the liquid. Now, 
since the configurative forces impel iu a continuous manner into this portion of 
the vein an excess of liquid which dilates it, without any tendency iu the vein 
to return upon itself, we see that the quantity of liquid snperindaeed at tibe 
same time by the additional velocity due to the descending vilnration may be 
distributed in the horizontal dim-tion and contrihnto to the formation of the 
dilatation, withont having to surmuunt a contrary ti ndency. Moreover, since 
ihii duration of the vibration is equal to the time which the portion of the vein* 
whose configurative Ibroes would themselves alooe £ann. an meipient dilatation, 
occupies in passing at the ootttiaeted seetion, the upper eztiemity of thiU por- 
tion will traverse tnc contracted SQction at the precise moment when the vibra- 
tion terminates, so that the immediate action of this vibration will be exerted 
on the whole portion in question, and only on tlint portion. In line, sinci' tlic 
dilatation produced by the combined actiomj ui which we have Just spokeu h.i.^ 
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DO tendency to become effaced, it will not be propagated to the subjacent |>arta, 
and confleqnently will not give rise to a wave. Hence the portinn of tho Tein 
under consideration will be more dilated from the lint tban it would have been 
in tlic absence of vibmtorj'- movements ; hut it will have tlie etaie length and 

deecond with the same velocity as in this latter case. 

' After the descending vibration will come an ascending one, and this latter 
diminishing the Telocity of the passage at the contracted section, there will re 
snlt, as has been aiready remaarked, in the portion of the rofn which passes 
Imder Its influence, a diminution of volume, so that this portion will tend to be- 
come narro'vvor; but the confiir'trrttive forces tendii^qr to make of this same por- 
tion aii incipient constriction, riic attenuation due to the vibration will be effected 
without encountering an opposite teudeucj, and consei^uently without giviug 
tf se to the ftnnation of a wave. Thus we see that, as in the ease of the dtliK 
iatlon which precedes it, the constriction formed by the double action of the 
jBontigurative forces and of the vibration will be less decided, but will have tho 
tome length and descend with the same velocity as if the vdu were abanduAed 
to tho sole fiction of the contigurative forces. 

In tine, the same thing will take place in regard to sdl the other dilatations 
and ecMislvietions : in virtue of the equality between the tine oeenpied by eadi 
of theeo |Hfftions of the vein in passing at the oontraeted section and the dura- 
tion of each vibration, nil the dilatations will e'rincide with th(; dei^cetiding' 
▼ibiutions, and all the constrictions with the adceuding vibration.^ ; all will cou- 
sequently preserve their length and their velocity of tianaUtion, but all will 
^utt tiie eontraeled seetton mors diskfaiedy defined, or, to use other words, in a 
mofe advanced phase of tnrasftnnnaliQn, than tf vibtatory movements had not 
been produced. 

§ 6. But the action of thepe movements will not be limited to fluB: in effect, . 
the velocities of the Jii<cending and descending vibrations — velocities which, ai 
we have shown, change direction in the dilatations and constrictions to produce 
A greater tiansveite development of the former and a greater attenuation of the 
la t t er ■ cannot be annihilated, In each of t^esc portions, at the moment when its 
passage at the contracted section \b lini.-«hed ; tfieHe velocities thus changed into 
transversa veloeities will continue therefore, as acquired velocities, to ibrm an 
addition to those which result from the configurative forces. 

§ 7. In order that the transmitted vibrations slmll exert with full intensity 
«n the incipient dtvisions of the vein the action deeeribed in the two preceding 
pfloragraphs, it is necessary that at the orifice they should have, aa we nave sup- 
posed, a V(n-tie-il dircption. Tt would be ditfirnlt, doubtleBs, to show a prioTi that 
in being pvop.Mgated t(i the orihee the vibratiMns le-jlly take that direction; but 
Savart, who has been so much occupied with liie commuuicution of vibratory 
Aovemeats, admits the &et impKdUy ; he supposes, In efi^, that on the one 
hand these vibrattons onlv reinforce those whieh arise, aeeordiog to him, from 
the efflux itself and which would necessarily be vertical, and on the other he 
does not say that, to obtain the maximum of action, it is neces.«(ary to give to 
the sonorour? instrument any particulai' position. For the rest, if we tind t Ik rein 
some dithculty, it would suffice to remark that whatever be the real direction 
In whieh the liquid moleooles, in traversing the orifice, execute the vibrmthms 
transmitted to them, we may always* save in the wholly exceptional ease in 
which that direction is exactly horizontal, decompo?e each vibration into two 
others, of which the horizontal one will exert no influence on the transforma- 
tion of the divisions of the vein, while the other and vertical one will ex&ct its 
« whole action. 

We hanre supposed, moreofer, that the rnqpnent when each descending vibra- 
tion commences is also that when the lower extremity of each dilatation passes 
at the contracted sr-rtion; but if, at the first instant when the vibrations m ike 
themselves feit, this coincideuce does not take place, there w^ be a couHiet 
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between the aeCSoa of the con6garative forces and tbat of the vibrations, and Iti 
may be readily conceived that then the transformation of the vein, whicii being 
only a phenomenon of instability may be displaced by slight causes, will causo 
the collective dilatatioas and restrictioaa to retrograde or advance, eoaa to csiab' 
lish very soon the above coiuddence and thiu allow the ooncorreiiee and enturq 
freedom of the two Bvtit&mB of aethw. 

§ 8. These principles being established, we shall see emei^e from them one 
by one all the modifieatioos undttgone bj the Yoia thfongh the inflaenee of tike 
vibrations. 

Let us first remember that when the vein is abanduiied to the sole action of 
the cosfignnitive foieee the Tdoeity with which the ttansfimBatiou is uecam^ 
plished remains veiy small to a quite eonsideraUe distance from the eontnictod 

seetion, which gives to the corresponding portion of the vein a calm and limpid 
aspect ; in the second place, that, further on, the dilatation? acquiring a mai'ked 
and more rapid development, the vein appears to grow larger up to the point; 
at which the masses become ii^olated ; and, finally, that beyond that poiut ll^e 
diameter of the vein, a diameter whidi is that of these awsses* is seoaiblj md» 
ibrm. (3d series, § 70.) 

Let us suppose now Buch a vein, and produce, in proximity with thp npparatas, 
the sound we have been considering in all that precedes. Under the inflnrnce 
of this sound each division quitting the contracted section in a more advanced 
phase of transfonnation, (§ 5.) and the transformation moreotv^r advancing from 
liMC phase with a greater velooitj than it would have done ond^ the sole fan- 
inenoe of the oonfignrative forces, (§ 6^) it no e c ss ar ily results that this transform 
mation will be completed in less time; consequently each division will attain 
the state of an isolated ma^s at a less distanc?* from the orifice, and thus the 
continuous part will be reudered shorter. And tiiuce the dilatations are more 
developed from their ineeptioo, we see, in the second place, that the appareiU 
thickness of the limpid portion of the vein, a thickness which, at each point hi 
the length of that limpid portion, is evidently that which the dilatations ha vie 
acquired at the moment of passing ft, will be augmented. In the third place, 
the excess of transverse velocity which the transformatiou receives from the 
vibrations, and which (;pntinues as acquured velocity, must necessarily cause the 
horiaontal diameter of tbe sncoessive m«sneii to exceed that of the spheraa 
which these masses t^nd to constitutSk that the nuissos will become flattened 
in the vertical direction. But we perceive that this horizontal extension and 
vertical flattening render the capillary pressure, at the circumference of the 
mass, superior to that of the points near the axis, and that thence arises an in* 
ereasinr resistance which ends hj destroying the transverse velocity. Then 
ihe differences of pressure will act freely, and the mass will return opon itself 
to attain its figure of eqnOibrtmn, that is, the spherical figure; but the phe- 
nomenon, being effected with an ficcelerated velocity, cannot sto]» at this last 
figure, and the mass will be contracted in the horizontal direction while it is 
elongated ia the vertical direction, until the inci-ea'sing i^islunce which results 
from new ineqtudides between the pressores has annihilated the acquired ve» 
locity; the m;iss being now tti)^ by the diffbiences of pressure which have 
produced that resistance will again irtum towards the spherical figure, which 
it will ojice more surpass, and extending itself a second time in the horizontal 
directioti will become iiattened in the vertical one; after which it will vecom- 
meuce the same secies of modificatious, and will continue these oscillatiuiis of 
ibrm as long as its lali continues. 

Thus we explain very simply, for the case of unison with the sound whiek 
the impact of the discontinuous part^ would occasion, the facts recited in Nos. 1, 
2, 3 anil 4. of §3. Only, as the extremity of the coutiuuous purt of the veia 
occurs about the mid-kaigth of the first expansion, and consequently is little 
distant from the^point caanggmadixkg to.the first of the ouuuma.of Uuduieas tti' 
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the dneontinnoiu fArt, we petaaive that eaeh miM imwt at^n its first piuuM 
of greatest horizontal development a little before it completely detaches itseK 

uid at the moment, no doubt, wlnm it clings to that which follows it only hj a 
thread. As to the sy«tera of films of which the expansions present the ap- 
pearance wheu the pheuomena arc not altogether regular, this, as Savart iuui 
stated, is evidentlj tne rosnlt of the inezaeteupcrposinoii of sdToral expaaskiai 
individually produced by snoeessive masses : these expansions are then seen 
simultaneously, and are ob:?erved as though through one ftn»dier» fnWB the efiiBfll ' 
of the persistence of their imprp??ions on tho retina. 

* § 9. It is clear that the time comprised between two phases ot the strongest 
borizoQtal eontra«tion, or, in other words, that which each mass occupies in 
McompUthinif a oomplete oeeiUatioa of fomit is independeiit of the Telodty of 
favslatioii; eonsequently, the interval which a mass traverses during the tnno 
in question is proportionably greater a? tlio velocity of translation is more con- 
siderable; but this interval is evidently the distance which separates the centres 
of two nodes, or the length of an expansion this length must Uierefore in- 
eraase with the dlsob«||;e. 

The volume of the meipient divisions thus increasing with the dischai^ 
and each of these divisions furnishing an isolated mass, the volume of tliMe 
masses must equally increase with tho d!^^{dlargt? ; now the more volume these 
masses have, the greater must be their horizontal diameter in its fuccesisive 
maxima and minima ; but these maxima and minima diameters are respectively 
the diameten of the expansions and nodes; heaoe the diameten of tho expaa- 
aions and those of the nodes must also augment with the disohtti^ Only thia 
augmentation tends towards a limit of but little extent ; for the greatest volume 
which the isolated masses can acquire is (ividcntly that* which they would asr^ume 
urero the movement of translation of the liquid uniform, that is to my, were it 
thai of Ihe aphefea into whieh misht be resolved an Indefinite cylmder formed 
of the sanie uqaid aad having^ a diamoter equal to that of the eontraetad sea* 
|jon. (2d series, § 74.) 

Now, if the ♦^u^uitity does not vary, but we use a larger orifice, the volume 
of the divisions of the vein, and consequently that of the isolated masses, will 
be more considerable ; but the greater these masses, the less rapid must be 
their oscillations of form, and therdbre the more spaee must they traverse ui . 
their desoentt dnving one of these osdUations ; hence the length of die expan- 
sions must increase with the diameter of the orifice. As to the respective 
diamt'ters of the expansions and nodes, it is evident, from what has been re- 
marked above, that ihey will iucreacie at the isame time. We see, therefore, 
from the contents of this paragraph, that the facts of No. 5 of § 8 are iieces- 
•lary conseqoeneoi of the theory } always* however, upon the supposition that 
tjbo vibrations are of the same period with those of the sound proper to the 
vein, "We pass now to the facts of Nos. 6 and 7. 

' § 10. When the vein is not under the inliuence of a sonorouB instrument, 
hat id received iu a vessel placed upon the ground, the principal cause of the 
vibratory movements transmitted oy the air and the supports to the ve&sel 
from wuich the disdiarge takes place is the impact of the isolated masses 
against the liquid into which they fall ; we peroeive then that* in these move- 
ments, vibrations must prevail of the same ]»eriod with those which would 
result from the impact of the masses in question against a stretched membi ane, 
and coasequeutly the action exerted upon the vein is explained by what has 
been stalea in the preceding paragraphs. Bat the vibrations thud produoed 
«oC having a gnat tntenftityi the modifieations of tho vein cannot acquire all 

' ' " ••' ' ' s ' ' 

■ « 

*Tt Is thus that Savart seems to consider the oxpantfons wbi n oc cupied with their length, 
iTifl vre conform to hi:^ expressions in tho follrcvin^' ]»:j> ;!crn<nli ; but, in renlity, it is obTwOS 
tiiat tiie spttcti iu t^uetitiou Ia cauipuiied of ua oxpousiuu and two hail uoU&>. 
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th<^ fli'vplopinont of which thrj are BUSceptiWo ; hoeiulcs, these vibrations belu^ 
but little regular, and being accompanied Bliirht and still more irregular 
vibrations which proceed from external noiocs, tiic pUenomena cannot fail to 
be imprewad by thwa jnttftokcitioh aad It l» under them ahmniistaacef , in 
diset, that Bmtt dcaeribef tbe sppeanHioe «f film is tha intaiiQr of tba ex- 

Savart hae approximatelj inenf*urorI, nnrlpr tlie circumstances in question, in 
vciir^ of water ejected by two different uriiiceB and with different discharged, 
the lengths and diameters of the expansions as well as the diameters of the 
nodea. Wa daan it not flnpacflnoaa to rapvodnaa ban tha sanlta of tboae 
^ Ma n w rnanta, la irUah tbe aanttmetfa is asanaed aa miitj i 

•Or^ce ff fix millim i tnt diamtter* 



DisdiaifM. 


Leii^'t^'^ of the con- 
tiuuuos part. 


Lengths of the 
expansions. 


Dinmctera of the 
expansions. 


IMainoleni oftba 
nodes. 


18 
» 
47 


40 

50 
88 
118 


85 

30 
39 
60 


ao 

1.0 

1.1 

1.8 


0.70 
0.75 
0.80 
0.90 








dMbaiigM. 


liOngAs of tbe eon- 
tma<MU part. 


Lengths of tba 
expaiuioiis. 


OlMBeteit of tha 
omsosioiis. 

m 

1 


♦ 

Diameters of tho 
aodoi. 


4.5 
18 
87 
47 


16 
85 
41 

55 


7.8 

8 
IS 
16 


0.50 
0158 
0.&6 
0.00 

» 


0.28 

aao 

0.40 



We will bare remark that ibe length of an expansion being the space tm- 
verned by a mass during the continuance of one OBcillation of form, and that 
continuance being constant in the same vein, the expansions pertaining to thia 
latter must, because of the acceleration of the descent* increase in length, 
b^fffmiing witb tbe flnt. It k strange, therelbie, tbat Sevart, wbo, ia aootber 
pa^ of his memoir, speaks of this increase in reference to a partknlar ezpeil> 
ment, abonld have given, in the above tables, the lengths in qneation as abso- 
lute; we mn?t presume that they relate to the first expansion of each vr'm. 
In fact, the » x|ieriment in which Bavart ob^^erved the increase of length of tho 
expansions would render the effect more apparent, because the first expansion 
oeanixed rety near the orifiee. 

I' 11. If, while the vein fidls freely In tbe liqu^ of Ae Teiael wbieh receives 
it, wc cause an instrument which yields a unison, as has been supposed in 
the preceding instances, to sound in proximity with the apparatus, then, under 
the action of these more intense and perfectly regular vibrations, the modifier* 
tions of the vein will be neeeaaarily more distinct ; that is, the limpid portion 
iM appear m lifetle tbiaker, tbe eontinnona nart will nndergo a- new ahorten^i^ 
tbe expansions wilhbe enlarged and the noaea.ieduced. Moieover, tiie ezpaifc^ 
sions individnally formed by each of the tn:^sses will be snperpopcd in a raoro 
exact manner, and hence will less overreach one another to wards their extremi- 
ties, S9 that the expjmsions which result from them collectively will be more 
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iDa??pf! on each other, a^nl the nodes which eeparato the latt^^r will scrm to be 
elr<n<;a{;cd. And such, in reality, ad we B»e by JSo. 7 of § 3, k the State of the 
veiu uuder the iuflueuce in ^ueation. 

The pthenemeiM w6«ld be nittdi nune ngtHmt etOI if-liheTelainrere inriffnaliy- 
■viflidrawn from all eztnuuoiis influence, and Savart, in fact, speaks of the 
gceat regularity of the expansions which show thenwelv^ when such a vera is 
recoivd on a Htrf^tohed membrane^ which then serres as a sonorGUS instnoMsif ' 
yielding an iini^^ou. 

§ 12. Wiieu the instrument, which is made to resound in the vicinity of tlie 
juppaiatus. yields • tone not in unison with thnt appropriate to the veiui the 
vibrations no loiter sntceeding one another at the same intemla occupied by 
the passage of the dilatations and constrictions due to the configurative forces, 
there can be no uninterrupted eoncurrenoe between the two tjpepio*« of action ; 
but neither can these be incessantly in contiict, and it ia obvious that trom this 
alternation of accord and opposition must result efijects of a very complicated 
idnd. We will attempt, however, to disertminate to a certain point what then 
occurs in the vein. 

To simplify as far as poppible, we will suppose extraneous action to be pre- 
viously annulled. During tlie ^necession of the phenomena let na seize, in 
thought* the instant when the middle of a constriction due to the coufigurative 
forces traverses the contracted seetion precisely in the imddle of the -onratioa 
of an ascending vibration ; this vibration will then evidently concur with the 
oonfigurativf forces to deepen the constrietion. But if the sound of the in- 
stmmeni is f^harper thaw that of the vein, and the vibration hua tbnrefore less 
duration than the passage of the constriction, a part, more or less considerable, 
of the base of the latter will have been in conflict with the end of the de- 
eeending vibration which has pieeeded» and an equivalent part of llie summit 
will be equally in conflict with the commencement of the descending vibmlion 
which follows, since these descending vibrations tend to dilate the portions of 
the vein on which they act. Tf, on the contrary, the sound of the instrument 
is graver than that of the veiu, it is clear that the concurrence will take place 
for the whole of the constriction, but that the commencement of the vibration 
win have been in conflict with the upper part of the preceding diktationt and 
iSuA the close of this vibration will be in eonflifil witb the lower part of the 
jNieceeding dilatation. 

It is easy to perceive that after a certain number of vibrations an identical 
effect will be produced ; that is, that the middle of ai^ ascending vibration will 
coincide anew with the middle it the passaga of a constriotion, that the same 
4bing will still recur after a number or vibratioM equal to the pveeedingf and 
90 on, periodically, at equal intervaJa. If, for instaace» the duration of a vibin» 
tion be ^ of that of the passage of :i constriction or a dilatation, the total dura- 
tion of six dnnbb* vibrationa, each composed of an ascending and a descending 
vibration, will be equivalent to the total duration of the passage of five conr 
atPQtions and five dilatations 1 now, it is easy to perceive tnat if we eommenee 
computing this duration at the instant of one of the above oooncidenees, it will 
also terminate at the instant of a like coincidence ; in our example, therefore, 
the coincidences will be reprodnoed successively after interv-^ln eqnr»l to tbe 
duration of six double vibrations. Let us now endeavor to diacover what 
passes during each of these intervals, or, in other words, between one coiuci- 
aenoe and the following. 

With that view let us examine what takes place at die moment when liie 
first half of one of these intervals terminates. In the ex;iTOple we have tnlccn 
we shall evidently bo then at the middle of an ascending vibration; but if we 
reflect that the interval commences at the passage of the inception of a division 
(§ 4) and exactly comprises the passage of five entire divisions, we shall reoog- 
nine thai die end of its fiist halt js the Inst^pft of the passage of the middu 
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of a divisioii, «nd, oonsequentlj, of the middle of a dilatation ; hence, for this 

entire vibration there will be opposition with the eoiifigurative forces; this will 
be the maximnm of the conflict, and it is obvious that thia conflict will, till 
then, have gone on augmenting ; that is to say, occupying greater and greater 
portions of the succeseive vibrations, to diminish afterwards hy the same de- 
grces. Theie piindplM bong granted, let iu lee what eaa be deduced from 
them. 

Each of the con "frictions for a coincidence shall exist will quit the 

coTifrnctt'd section iu a more advanced pliase of transformation, and hence will 
be broken at a less distance from the oriiice than if vibratory movements had 
not been piodmed; but the ibllowhig constriction, which is under less ad* 
▼aneed eonditions, can only be broken a little further on, and the subsequent 
ruptures will, in like manner, be efifected further and further from the orifice, 
nntil the rupture of the constriction in regard to which the conflict between 
the two actions is at its maximum ; after which thiiiga will proceed in an in- 
verse order ; that is, the succeBHive places of rupture will reascend till there 
xecnn anew a constriction with a eoincidence» when all will feoominence in the 
same order as at first. It appears then that, in such a y&xk, the contiunous 
part has different lengths, which sncceed one another periodicallj ; but the 
sliortest of these lengths must be regarded as being that of the real continuous 
part of the vein, since the continuity is there perciisteut, and it is necessarily 
smaller than would be the continuous part of the same vein not subjected to 
the inflaenee of a sonorons instrament. Still the shortenlnff will not be so 
greet as in the case of unison. In effect, if the sonnd of the instrument is 
shfirper, the most complete concurrence between the two kinrls of action only 
takes ])l;ice, as has been said above, with the middle portion of the constric- 
tions upon which it falls, and there is conflict in the extreme portions. If the 
sound of the instrament is graver, the ooncnrreaee- extends, indeed* to tbe 
whole of Ae constrietion, bat the conflict then exists in the adjacent portions 
of the two dilatations l^tween which this constriction is comprised, and these 
portions admitting with loss facility the lirjnid which is driven towards them, 
the constriction cannot obey with entire freedom the two actions which tend 
to narrow it.* 

In the second plaee^ from what has been jnst said, the shortening'shonld be 
proportionably less as the sonnd of the instrument deviates more from unison; 

tor the more it is above this, the less is the portion of the constriction for which 
a concnrrence exists; and the more it is below, the further does the conflict 
extend over the two neighboring dilatations. And since in the constrictions 
for which coincidence exists, and to a certain distance on both sides of each of 
them« the aetion of the vibintions fkvois, more or less, that of the oonfigmatiTS 
' fimes, the vein will present, in an analogous but less decided manner, the other 
modifications which nnison determmrs ; hcnco tlio limpid portion will still 
appear a little thickened, and the interrupted part will have expansions aud 
nodes ; but these modifications will be the less decided as the interval between 
the found of the instroment and consonance is greater. 

We may, thetelbre, so &r as the complexity of the subject permits it, pro- 
nouace substantially the Ibnr following conclusions : When, at a eertain dis* 
tance from the apparatus, a sound is jn-odnecd sharper or graver than that 
which is proper to the vein, first, the continuous part will assume periodically 
dificrent lengths ; second, the shortest of these lengths, which is that of the 
tme eontinnons part, will be less than was the length of the sole eontinaovs 
part before the actl:)n of the instrument, but this cnrtrflment wOl not be so 
great as in the case of unison ; third, the vein will present, in a manner analo- 
gous to that which takes place under the action of nnison, hut nt the same 
timeless decidedly, a small increase of thickness in the limpid poriiou aud a 
system of expansions aud nodes iu the interrupted part; fourth, all these phe- 
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Domeiia wifl bo the less decided as the pound of the instrument deviates more 
from unison, 80 that the Bounds which depart too much irom that unison, 
whether above or below, will appear inopemtiTe. 

' We hare supposed that extraneous action has been prevkrasl^. aentralised ; 

but this action tending of iteclf to occasMXi like efiecte, (§ 10,) it will be under- 
stood thstt if wo alhnv it to subeist, it cm scarcely hnt ruld to the intensity of 
the [)henomena. Wc may here take notice that t^ouudt*. liittcrinjj;' from nnison, 
give rise at the same time to effects of another kind, eti'ectd which will, in gen- 
ettH^ be Tittle apparent in Tdns dureoted Terticallyf bnt whiob aie manifestedt 
as will he seen, in those whose emission takes place under oertain .obliquities. 
These effects depend on the conflict between the vibrations and the coufigura- 
tive forces, and are consequently null in the case of unison ; they cannot, 
therefore, like those we have been considering, go ou decreasing from that 

Soint, but, ou the contrary, it Ib with the departure from unison that they arc 
crelopcd. 

I 13. The first of the four conclusions above stated is clearly verified, in a 
particular cape, by the fact of No. 9 of § 3. In effect, when the s(innd of the 
instrument is very nearly consonant, the duration of a vibration tiitiert} very 
little from that of a dilatation or a constriction, and consequently when a co- 
ineidence shall oeear» it will be almost complete ; that is to say, the conflict 
yifUi occupy only extremely small portions ox either the constriction or the two 
adja^nt dilatations ; for such a constriction, therefore, the effect will be nearly 
the same as if there were exact unison, whence it follows that at the moTocnt 
of the rupture of thia cout^triction the continuous part of the vein will have 
perceptibly the length which corresponds with unisou ; it will then acquire, 
progressively, greater lengtbs itntil tnat is reached which corresponds tf> the 
BUi^cimam of conflict ; but on account of the approximate equality of the re- 
spectivf dnrationB of a vihration and of the transit of a dilatation or a con- 
Ftriction, it will evidently be only after a sensible space of time that thia maxi- 
mum will present itself, so that the gradual elongation of the continuous part 
will be effected with sofficient slowness to he followed by the eye ; and such 
wiB ii6ceB8arll7 he the ease with the next and the snoceeding cnrtaiimflnts of 
length. As to the beats, it is plain that they result from the mutual reaction 
of the sound of the instrument and of that of the vein ; for although Savart 
does not say so in express termn, we may conclude from the manner in which 
he states the fact in Question, that the vein must fail uu a stretched membrane. 

Except in this paracnlsr ease of a very small interval between the sound of 
the instrument and that of the veiUi Savart says nothing of perio^Ueal changes 
of the length of the continuous part, and not without reason, as we shall see. 
For intervals which do not meet the abov^e condition, these changes are too 
rapid to allow their succession to be di3tiu<j;uishcd, insomuch that all the 
lengths must seem simultaneous as well as all the systems of expansions cor- 
lespomding to those lengths ; each of the expansions of the rfm, therefore, 
must/ in these cirenmstanceSt appear to be formed of individual expansions not 
exactly superposed, and consequently present the aspect of an assemblage of 
films, (§8;) now, there was nothing new in this aspect for Savart, who had 
observed it (§ 10) in the expansions of veins not subjected to the iu£aence of 
a sonorous instroment. 

§ 14. The three other eoaclusions of f 12 seem confirmed by No. 8 of | 3. 
Yet the manner in which Savart mentions the facts n^ight cast some doubt ou 
the entire exactness of that agreement; we shall therefore give vcr^oAim the 
only passages which relate to the facts in question : 

"Sounds wUch form the gxave octave and fifth, the uujukc third, the supcrduons fourth, 
and the shrill oeiave of that rmdered by the Impaet of the intemipted part against an 

auxiliary bo<ly, jnoduce inthevtiu inoJiHi atinn< aiialnfz: to those just describeu, [those, . 
uamA^, produped by oniioa,! bat with itiuch less . : ^ y ; and there are sounds whi^ do 
not aet in snj vamisr m its dimensicsw and the as^KrU u preseata.*' 
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And afterwards, in speokins df a^ ▼ean leceired at. a very wnall distance from, 
flio orifice on thick aoUd body ; 

**£ithis case, as well as when the vean is entire, we observe that the grave and high 
octaves, the tii'th aud the Iturp minor third uf tlic sonnd in qaeeMoi^thftl i0» of QDiflOn— 
also influence, though in a le^s degree, the state of tho vein." 

And again, in rr fercnce to the modifications experienced, uuder the intiucnce 
of the con^iuxiaiice due to the impact against a stietchcd membrane, by a vein 
witlidrawn from every other eztnneooa inflaenee i 

"Analogous results are obtained when, with a stringed iustrtunent, different sounds are 
produced in the vicinity oi tho reservoir, Imt one of the MMtnds always exeiika upm the vein 
a ^eater infinenoe tkau eU the others." 

Do these passages signify that besides nnison it is only the grave octare find 
fifth, the minor third, the superfluous fourth, and tho shrill octave which modit'y 
the state ol' the vein ? That is little probable, for then, instead of easing,, 
" there aie sounds which do not act in any manner," ^c.» Savart would h^ve 
said, aU the ether wundi wkiek precede tkan are wUhout wfiuence, &e. Mnatwe, 
interpret these passages aa admitting tbat the sonnds therein specified are the 
most active after unison, and that, among the remaining tones of the gamut, 
some are simply less efticacious, while others abt^olutely exert no influence ? 
But in that case, can we believe that Savart would have thus expressed himself I 
We remark, moreover, that the supexflnoua fourth mentioned m the first pas* 
sa«e ia omitted in the second. 

These yaguc statements show that Savart had bat little studied the inflnenoei 
of other sounds than unison, at least under the circumstances which we are 
considering, and it appears to us that there could no more be deduced tlicrpfrom 
the existence of any disagreement between our thporetic4 conclusions aud the 
fact& than that of an abeolate aeoordance. Fortunately Samnt contrived after^ 
wards to augment the energy of action of the vibrations prodnced by the instru' 
mcnt, and then the eifects, such as ho describes them, must f)e xc^garded aa 
W|holly conformnblo with our conclusions, as will prosently be seen. 

§ 15. To fmiah what regards the influence of a sound excited at a distance 
and different from unison, wo have still to account for the facts of No. 10 of § o. 
We shall proceed to show t^at these facta, excepting the last, depend an anuna 
general principle, whidi may bo stated in the following manner : if the vilna- 
tions of the instrument are sufficiently energetic in relation to those occasioned 
hy the impact of the isolated masses, and it" at th* j;ime time the interval of the 
two sounds is not too great, the sound of the vein may be brought to unison 
with that of the instrument. We observe that these circumstance are those 
of the number cited: in effect, when the vein frila on a body which can only 
render a determinate aonud, such as a diapason, if we suppose for an^inataat 
that it undergoes no modification in the number of the isolated masses, the 
vibrations due to the impact of these masses will be genernlly of another period 
than those of the body struck, and consequently they can only proceed from 
iSb& drcumatance that each time a masa readma mat body the air is dxiven £rom 
betweein them, then retnins, to be expelled anew on the arrival of the following 
mass, and so on in succession ; but the sonorous waves produced in this manner 
are necessarily very weak relatively to those produced by ^e vibrations of fh*^ 
body struck ; besides, we have it in our power, by varying either the discharge 
or the diameter of the orifice, to diminish as much as we please the interval of 
the two aonnds. 

The vibrations of the Instrument, (or, in die case before us, of the hody dn- 

pinged upon,) transmitted by the air to tho vessel and the lii|nld, not having 
the same duration with the transits of tho incipient constrictions and dilata- 
tions due to the coufigurative forces, there is, as Ikib been shown, (§ 12,) a varia- 
ble contfict between these two kinds of action ^ but, il the two sounds do not 
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differ too mtu-h from one anotlier, we can conceive that the transformation of 
the vein, a phenomenon susceptible of beins influenced by extraneous causes, 
(8d Beries, § may, under l^e action of uie viiuationB, lengthen or ahorten 
the indpieat oonstrictionfl and dilAtatknu, in siidt ammr that tiw dimtioii id 
the passage of each of them shall be precisely equal to that of a vibration, and 
that the two Vmih of action shall be constantly in accord; this point being at- 
tained, ilii s Iliad of the vein will be necessarily in unison with that of the in- 
strument. (July, for the vibrations of the uastrument to be capable of realia- 
ing that remit, it is obriowly nvtmmry Unt they tH^M luve « inffident dft- 
energy relatively to the yibrttionB of the Bound pioper to the yein* 
since these last tend to favor the normal action of the configurative forces. 

We shall better comprehend the plionomenon by considering it under a point 
of view a little different. Let iis remeuiber that the vibrations tend of them- 
selves to produce, in the vein, incipient cuustrictioas and dilatations, (§ 5 ;) now, 
if tbeie oonstrietioiui and dilotatioiiB are a little Bamrior or a little inferior in 
lenetli to llioee whicli the confignratiirB (bieee on meir side tend to originate* 
and if moreover the action of the vibrations is energetic enough to control 
that of these forces, the system of incipient constrictions and dilatations which 
will be formed must be that which depends on the vibrations, and hence the 
tEanafiinnatioa thus modified at its origin will be completed after Ihh new 
tnanner. 

. Bat tbis state of the vein U a forced one, since the natural mode of tranafor* 

matfon is altered. Hence, if pomefliing suddenly disturbs the succession or 
regular transmission of the vibrations, tiio configurative forces will at once be- 
come again pri.pouderant, and the incipient contractions and dilatations will. 

the length whieh eorreBpondB with the ftee aetiim of those forces. Tbrns 
18 explained without difficulty the statement of Ko. 10^ | 3, that it often re- 
qnircs but a slight blow given to the apparatus or a change in the position of 
the body struck suddenly to restore the sound of the vein to tb(^ tone wliif^h ia 
prop(!r to it. We have supposed that, in the experiment referred to, the sound 
of the vein is restored to unison with that of the body receiving the impact, 
conformahl J with tilie prindfle advanced at the beginning of this paragraph. 
Savart, however, as may be mforred from the statement in the nnmoerin ques- 
tion, does not express himself in this respect in precise terras : he merely says 
thaf the sound of the body stmck modifies that of the vein, that it changes its 
period; but other experiments which we shall presently discuss authorize us to 
ascribe to these words the sense we have given them. 

§ 16. We fhrther leem from Ko. 10 of § 3, thai when the difference of the 
two somids is very small, these two sounds may make themselves heard period!* 
cally or even simultaneously. Let us try likewise to explain these facts. 

We will snppnse, for the sake of distinctness, that the sound proper to the 
vein is somewhat graver than that of the body struck. In the case of exact 
nnison, the number of impulses of the masses in a given time would be half 
the number of the vibrations of the body in the same time, and consequently the 
interval between two succesaivB impulses would be equal to the duration of two 
of these vihratio^'a ; thorefore, upon the above supposition, the interval be* woen 
two impulses will a little exceed the duration of two vibrations, and if the re- 
action of these vibrations on the incipient constriciiuus and diiat^iiious is not 
sufficiently powerfhl to modify the length and Aus produce unison» the small 
excess of duration of the intervals in question will be maintained. This pre-' 
mised, let us begin with the first impulse. This will cause the body to perwrm 
a vibration directed from above downwards, which will be followed by a vibra- 
tion from below upwards; then, a little after the commencement of a new de- 
sceudiui^ vibration, the second impulse will arrive; the third will act during 
the thurd descending vibration* but at a little more advaaeed iihase of that vt- 
bratioa i the fourth iiBpiil8et.wi]l tahe place d«tuig the fourth deBOOndiag vibisp- 
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tion and at a phase still a little njore advanced ; and bo on, until an impulse 
perceptibly coincides with the termination of such a vibration. Under these 
repeated impolAes, ikt amplitude ef the vibfationB of the body will neeesBully 
go on increasing, as far as the impulse last cited. But, by Tutne of tiie small 
excess of duration of the intervals, the impulses which follow will occur during 
the ascending: vibration^, and, as before, at phafes more and more advanced, so 
that after a number ot impulses equal to that of the preceding series, the body 
will again be struck at the instant of the termination of a vibration. Now, this 
Meond group of impulses will evidently destroy the eflSMila of the fint ; that ia 
to say, will gradually diminish the amplitude of the vibralionB and end by «»• 
inilling' them. A tliird j^nup of impulses will nn'ivo these vibrations, a fniirtb 
will annul them ane^s^ and so on indefinitf! v. The sound of the body Htruck 
will be therefore alternately raised and lowered ; on the other hand, the sound 
of Toin will he weaker when the masses reach the body during its desoeaft' 
ingTibrations than wl^en they strike it during its ascending Tibrations, on «e> 
count of the difibrenee of the relative vdodties; and we see, moreover, that this 
latter sound has its minima dnrinc^ the aupni'^ntations of that of the body, and 
its maxima during the dimmutions. Tliis bcinj^ so, if the %HHra lions of the 
body acquire, in their greatest amplitude, a certain energy, and it the relative 
velocity of ti^e impulses becomes at the same time snffieiently small, the somsd 
of th(^ vein will bo' entirely masked at the moments of greatest intensity of that 
of the body, to reappear and predominate in turn at the intermediate moments; 
and consequently the two rounds will be heard periodically. But if the body 
is capable of executing vibrations of only small amplitude, and if it be held ap 
a great distance from the orifice, it may be that the relative velocity of the im- 
pnlees shall continae to be always considerablet so that the sound of the vein 
will be perceptibly uniform, and that o£ the body, in its ™^^"*fti not have suf* 
ficient intensity to mnpl^ it. In that case, the first -wil! not cease to be perceived, 
and con?f^quf'titly, during the periods of intensifit mt: on of the second, they will 
be both heard at once. It is doubtless in this beuse that we should interpret 
the words, or atmmmntUmeously, whidi are literally borrowed from Savart. 

§ 17. Let us now vevert to the ease where a sonorous instrument is made te 
render a sound in exact uni-nn with that proper to the vein. If the instru- 
ment, instead of acting; at a distance, is placed in contact with tbp walls of the 
vessel whence the vein escapes, it is clear that the vibrations communicated to 
thobe walls and propagated in the liquid will be much more energetic, and thatt 
in consequence, the modifications of the vein wHl be' much more decided | 
moreover, the Small irregularities spoken of in § 10 will be then entirely 
effaced. The contents of No. 11 of § 3 are thus explained of themselves. 

§ 18. Proceeding to No. 12 of § 3, we ob-ftve, in the axis of the vein, on 
quitting the lower extremity of the continuous part, another system of expan- 
sions and nodes more minute as well as shorter, which is due, as Savai t h&A 
shown, to the sphemlea which accompany the masses. 

Here an apparent difficulty presents itself. When the vem is withdrsmi 
from all vibratory action, its interrupt(!d part is free from expansions and nodes; 
it would seem, therefore, that under the sole action of the conhgurative forces* 
the masses arrive at the spheric'd form without perceptible oscillations, and 
that the oscillations isi form take phee only in the case in wMeh the configora* 
tive forces are re-eoforced by vibrations ; now, the mode of productioa of the 
spherules can in no manner be influenced by the vibrations, for these act di- 
rectly only at the contracted section ; lower down than that section, their effect 
is limited to the acquired velocities, (§§ 6 and 8,) which accelerate the develop* 
meut ui the dilatations and the deepcuiug of the constrictions, then to the COB* 
version of each of these last into a thieu, and tliis thread is afterwards Mm* 
formed, thus fundsiitttg the spherules by the confignrative Ibrees alone, whiob 
adse theieia as in every U^tiid cylinder sufficiently elongated | neyerthiiitii 
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tlieae eplierules pass througli oscillations of form, since tlte trace of their 
pMsage befofe the eye preieiils expanaioiifl and nodes. 

For the purpose <a elufiidatiDg this point Ut as "'■'^imint, ettentivelj, what 
are the circumstances in regard to the sphenilca and in regard to the large 
masses. Let us renKiinber {2d series, § 62) that the thread generally ^nparates 
into three parts, of which the two extreme ones rcuuite themselves reept ctively 
with the two large masses between whioh the thread is comprised, while the 
iDtermediate one cw itm ete itself at oiiee and symmetEicAlIy firom above and 
Wlow» dilatiag aft liie same time horiaonteUy so as to prodnce the spherule in • 
q^Ie9t^on. By virtue of this Bi'mnltaneousness and symmetry of action, the 
small portion ot liquiil attains the spherical form towards which it tends, but it 
does so with an acquired velocity and thus necessarily overpoises it, so that 
ite Yeriiail dlameler beeoflMS less and Jts hoilaoatsl diasMter greater than the 
diameter of the sphera of the same volume; hence the oaetllatSens of iona of 
the spherules* ana oonseqnently the expaasSons and nodes whu^ result fkam 
them. 

Things do not occur, however, after identically tiie same manner with tho 
large ma^e, suspended to the thread and which is isolated by its rupture ; in 
effwt, a moment befiun this separation the mass in qnestion was already ren- • 
deced free at its lower part by the rupture of the thread formed between it 
and the mass which precedes it ; here, then, the ruptures below and above the 
mass, and, of course, the two ermtractions which tend to flntten it in tho verti- 
tisal directiou, do not take place at the same time ; beijidetj, as each of these 
contractions most he followed by an elongation, neither do ^ese take place 
•tenltaneonsly, imd the same is the case consequently with the contractions 
4nd dongations which follow. Thus each contraction from the bottom of the 
mass will be effected wholly or in part while an elongation is taking place 
above, nnd mce versa ; but the tirst tends to increase the horizontal diameter 
of the mass and the second to dimiuisk it ; their effects ou this diameter will, 
thflMfore, move or less destroy one aaotiier, and if there be no vibratory influ* 
enee which, by the fieeeesion of velocity which it imparts to the transforma* 
tion, shidl carry the diameter in question beyond that of the sphere and thus 
determine an excess of pressure to the equator of tln^ mass, this diameter will " 
vary but little, and consequently we shall obs?ei ve no system of expansions 
and nudes iu the discoutinuous part of the vein. We see that, even under the 4 
sele actum of the eon6garative foroes* the masses which become isolated at the 
extremity of the continuous part axe necessarily the seat of oscillations of 
foiTn, though these oscillations can only exist in a marked degi-ee in the vertical 
directi<ni. We have, therefore, committed a slight error in § 69 of the 2d 
series, by saying that, after being isolated, the masses at once form themselves 
into spheres* 

\ 19. Let us retain, for an instant, to ihe spherules. When a thread is trans- 

fomed, the small constrictions therein produced become themselvea changed 
into still more slender threads, each of wliich breaks at two points, and thus 
furnishes, by its middle portion, au exceednigly small spherule, (2d series, § 02.) 
These last spherules are frequently thrown beyond the axis of the vein, im- 
peUed, no doubt, by the movements of the ahr; hut aa their mode of genera- 
Ihm is the same widi that of the less minnte spherulee of which we took no- 
tice ahove, they also must undergo oscillations of form, and Savart assures us 
that this is the e;tse, though without indicating by what means he verified it: 
the parabolic trajectory described by such of these spherules as are projected 
beyond the vein leaves probably on the eye a trace suilicieut to allow the ob- 
Sivvation therein of expansions and nodee; it may be also possible, pcrliaps, 
le distinguish the apparent figure resolling from the passage ef those whieli 
IMMatsiin their position in the axis* 
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§ 20. Let hb nm fModM uenr • mmA win ch diffini ktm tfaat of Uie veiiif 
Btib coDthmiiig to {dace tlie ■oucmmmm instmment in «oiitaet with the vessel, so 
as to give more energy to the action of ^kt 'vibratioDS. We perceive, by No. 
12 of § 3, that iu this ca«e the last three conclusions of § 12 are distinctly in 
ftccordance with the observntionp of Savart. There may, it i» true, aoem some- 
thhig va^ue in the words, almmt aJi sounds i but they cauuot be ^uppoi^ed to 

Biguify taat teeffsefeiial sovtBAi altomto wiA eActaAl om. Lot m suppose 
in effect, for an initiDt» tiie ind&CMwy of Ottrtain intermediate BoundSt uid 

imagine that the tone of the instmraont ^oes on deviating in a continuous man- 
ner from that of the vein; then, when wc; quit one of these inelHcaciou.s >*ouucls, 
it will be necessary either that the action on the vein, from being null as it 
was for this eonnd, increases gradually to a certain poinl^ which would be ocm- 
tntryr to sCatoment of lihe nvmber ehed, Maording to whiali the Mtkm di- 
Aiindies in jiropoitioil as we depart Aom nnigon ; «r «l8e that this -action be- 
comes suddenly energetic, which is scarcely admissible. It is very probable, 
therefore, that the idea of ineffectual soundii, implied in th<i words, cU/twU cUI 
soundsf refers simply to sounds too far remote iiom that of the vein, which* in 
-virtae of tlte atatomaait in qneBtiott, sraat pmdiMe b«t •» InaeoaiUe aedon. 

§ SL It was Bald, \ 15, 4liat vilitatioina dliinmi^ in periadt within carta&i 
limits, from those of the soond proper to the veia, mxf predominate over tbe 
coTifi'jj-nrative forces in thf jjoTUTntion of tho iiiripieiit <'ongtriction8 and dilata- 
tions; that the transformation thii£< comoienctiti ih ihca completed aft^r this new 
manner, and that, consequently, the Bound of the veiu is reduced to unison 
with that of the inatraawL Now, the moat fkyoiaUa' eondition for the pro- 
duction of this result mrnt evidently be the oontaet af the aonofooa instrument 
with the walls of the vessel, because of the more immediate transmif^sioa of 
the vibrations. And, in eflfect, while in the case of No. 10 of § 3, tbe phe- 
nomenon can only be realij^ in an interval oif a minor thirds l^re, as we see 
by No. 14 of the same paragraph, it extends to intervale of a fifth above its 
principal aonnd and of mofe tiiaa an oetave below; wo add that Savaii 
does not employ hOTa, as in the former case, terms of little precision ; he aaya 
distinctly that the aaond of the Toin ia ndaoed. to aaiaoa with that of the iok- 

strum ent. 

§ 22. An upper liinitt so high as the fifth, seems, at £rst glance, tu be in 
opposition widi eertain raralta of onr ■eeond aenea. In elfeot, for the aonsd 

of the instrument to ascend a fifth, it is necessary tiiiat the number of isolated 
masses which strike, in a given time, against the stretched membrane, should 
increase in the ratio of 2 to 3, and that, coiii**H]nently, {§ 2,) it should be 80 
likewigc with the uuinber of incipient division.^ which pas8, in the same time, 
at the contracted section, and as, under a constant discharge, the length of the 
indpient diTisions is evidently in inrerse ntto with this latter number^ it fol» 
lows that, from the principal sound to its fifth, the incipient divisions become 
shortened in the ratio of 3 to 2 ; but we know (2d series, § 83) that when a 
vein of water renders the sound proper to it, the length of its incipient divi- 
sions \& equal to 4.38 times the diameter of the contracted section ;* if, then, 
by the eolo action of a sonorous instnonent, the sound of sndi a vein zisea by 
a fifth, the length of its incipient divisiona will be lodnoed to f of the above 
▼alne ; that iSt to 2.98 times the diameter of the contracted section ; now, this 
number is a little inferior to the limit of stability of liqaid cylinders, a limit 
which, as has been shown, (2d series, § 46,) iji compxisea between 3 and 3.6| 



*Such, at least, ia the value of the ratio utitlcr moderate or strong discharges; under a 
treaJi one, the incipient divisions taking, in virtue of the hypothesis of $ 2, a less volume, 
and i-onsoqaently a less length, the ratio would be also less. But we are led to the conclu- 
siou that, in the exjpeiiments in qoeatkm, ^le disdiaife flOiohHra4 hf Savart was not of this 
lattor Icind. 
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and yet it was demonstratcc! (2(1 Fcricfi. § 57) that when a liquid cylinder IB 
transformed, the len^^th of its divisions cannot be lees than that limit. 

The difficulty is but apparent. The demonstration cited supposes that the 
trtmsfoirmation of the cylinder commences spontaneously, and then it is strictly 
tme; bnt ft does not Apply to ciuie tit which the eonstrictloni and dilata- 
timis are originally formed by kn eltraheous cause sufficiently energetic. In 
effect, the demonstration in question consif ts essentially in sli oVvmg that if, in 
the first phases of the transformation, we consider the sum of a consitriction and 
a dilatation — a sum whose length is eq^uivaleut to that of a divii^ion — all passes 
ft thflol portion 6f "die cjrlhKder aa if fts ^ hum weito lK>lid, ho that the trans- 
fi^nnatiOtt leaUhOt h^ eetahlished irpd&taneously without a separation of those 
^ases at least equal to the limit of stability ; but if, in a cylinder realized be- 
tween two solid disks whose distance is a little less than the limit of stability, 
the transformation could not commence of itself, it is clear that it will continue 
of itself if it has commenced from an extraneous cause which has accumulated 
Vhe liquid Hi a'oerttnb quantity towardk one 6t th^ diskfei, bo as to occasion arti- 
iicially a dilatation and a constriction sufficiently decided, for evidently, at the 
limit of stability, and in passing from beyond to within it, there is no sudden 
transition from instability to an absolute stability. When that limit is passed, 
'the stability must at first be very feeble, since it parts from zero: consequently, 
at but little distatM^b %itldn m limifc, a defoMwtidIi fDo^tiesBea artificially on 
oan only be lelBstod spontaneouBly if it be small ; if the defonna* 
ffon be considerable, it will pMcieed, oti the 66ntiary, ^pontaneoui^ly, and will 
produce the disunion of the maps. The demonstration which we have recalled 
can, therefore, be no lonj^cr cited when, in a liquid vein, the incipient constric- 
tions and dilatations are formed by energetic vibrations. Then, if the sum of 

tiie letactiis i>f one nf thes» teonetrfctions and me of these dilatations, or its 
^nal, m length of a A'iisfon, is a little miferior to the limit of stability, the 

transformation can commence after that anomalous mode, (?) and the more in- 
tense the vibrations, the more will the last sound for •which the possibility of 
the phenomenon exists be elevated above the principal sound. If the extra- 
neous sound is below the principal sound, and thuu tends to give to the incipi- 
Int ^Tisions a hoaeth necessarily superior to the Unit of stabOltr, ft will nob 
encounter the kind, of resistance which hfli Just been indicated within that 
limit, 80 thnt the pospibility of the phenomenon will extend much further; we 
see, in eiiect, that in the experiments of Savart it embraces an interval of 
' more than an octave. 

There Is stOl anotiheSr vetaKHi why tift phenotiiekidii thonXd be less limited 
beloi^ the principal sound than above : iA the same sondrons instniinent, the 
amplitude of the vibrations increases generally with the ^vltjr of the sound ; 
but the more considerable the amplitude of the vibrations transmitted, the 
greater is the excess of liquid which each descending vibration tends to drive 
into the vein to form an incipient dilatation, and the greater also is the with- 
dinMof ll^nidirhfeh each asotading iribratlon tends Id efl^t ahd thus deepen 
^ti incipient ifiotUitfiction. If, then, in proportion as the sound of the instru- 
tnent departs from the principal sound, whether below or above, the length of 
the incipient divisions which the vibrations tend to form becomes more and 
more superior or more and more inferior to that of the incipient divisions which 
the coniiguratire forces tend on their part to form, and if thence there evi- 
dently arisefl a eonlliet of progressiTe intensity with thi^ lattet forces, oh the 
other hand, below the paneipal sound, the vibrations act mora and more ener- 
getically to cause the new mode of tran.s format ion to prevail, and this augmen- 
tation of action must more or less countervail the augmentation of the conflict. 

We may remark here, that in the case of a sound very grave relatively to 
the principal sound, the new mode of transformation is not established after 
the same mannfir aa ia tiM ease of a aoaiid' whicjii does not mneh deviate &om 
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the principal sound ; in the latter case, in effect, because of the Uttle difference 
of length between the incipieiit diyisions of ib» two kinds, it is quite jprobable 

that tlin configurativo! forces simply modify their proper action, as naa been' 
already said iu § 15, by elongating or shortening the incipient divisions which 
correspond with them, so as to make them coincide with those which corre- 
ispond with the vibrations ; but when the sound of the instrument id sufficiently 
graye for the length of these last divlsioiui to surpass considerably that of the 
othera, when, for example, the instrument renders the grave octave, and the 
vibrations transmitted are sufficiently intense to impress upon the vein their 
mode of transformation, it mu?t be admitted that the action of tlie configurative 
forces is completely det*troyed, so that there is no longer a modification of the 
iirst mode, which adapts ilbclf to the second, but au absolute substitution of 
the second for the first. 

§ 23. Experiment folly verifies what has been said above of the variations 
of t^tability within and near the limit, in a liquid cylinder adhering to solid bases. 
A horizontal cylinder of oil was formed, in the interior of the alcoholic mixture, 
between two disks* whose diameter was 31 millimetres aud their distance 67 
millimetres; the ratio of length to the diameter was therefore, in this cylinder, 
equal to 8.8, so that the figure was quite stable; this ratio, we see, deviated 
somewhat more from the limit than that which we fonnd, in the preceding para- 
graph, to pertain to the incipient divisions of a vein of water brought by the 
action of a sonorous instrument to render the sharp fifth of the principal sound. 
In order to alter arti£cially the cylindrical ibim of the mass, ine point of the 
small syringe was moved slowly, and at several intearvals, along the upper part 
of the liquid figure, starting from one of the disks and stopping at very nearly 
the middle of their interval ; the oil thus accumulates in greater quantity towards 
the other disk, and, during this whole operation, the figure ceases not to rejru- 
late iti^elf Bpontaneously in relation to its axis; that is to say, it rcmaiuo one of 
revolution, so as to preseut a constriction aud a dilatatiou analogous to those 
which result from a spontaneous alteration. Now, so long as the versed sine 
of the meridian arc of the dilatation was less than about 5 millimetres, the mass, 
if left to itself, gradually recovered the cylindrical form ; but when the Bine 
in question attained 5 millimetres, the mass left ^ee continued spontaueoujily 
to change its form and ended by disuniting. 

In tbis experiment, the artificial defbnnation necessary to determine the spon^ 
taneous contmuation of the phenomenon is considerable $ for when, by approxi- 
mate measurement, the versed sine of the meridian arc of the dilatation was 5 
miUimetres, that of the meridian arc of the constriction was 8 millimetres, so 
that the re^])ective diameters of the neck of the constriction and of the equator 
of the dilatatiou were 15 and 41 millimetres, aud hence the first was scarcely 
more than the third of the second; but let it be remembered that the ratio be- 
tween the length and the diameter of the cylmder was below that which, in the 
vein, corresponds to the fifth of the principal sound, t Moreover, there are two 
other reasons why the passage of the sound of the vein to the shai'p fifth should 
be induced by vibrations which occasion directly a deformation much less de- 
cided. In the first place, from the immediate action of the vibratious, the de- 
formation must increase by the acquired velocities, (§6;) and in the second 
place, the divisions, and consequently the constrictions and dilatations, being < 
elongated during their descent, (§ 2 bis,) the sum of the lengths of a constric- 
tion and a dilatation, inferior at first to the limit of stability, begins imme- 



* Tbe»e disks were laainlained by a ajttem siuilar to that JC f tesea ted in 27 of dia 
tTliuiiitiOk botforanemff in the eonatractim of the onaU apMiatos, would have heea 
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diately to approach that limit, so tliat the progro^^B of tlic trMnsffnoiatioa alter 
the anomalous mod'o originally impressed becomes more facile. 

§ 24. Thus the theory accoimtci ior all the pheoomena resulting from the 
action of yilniKfeiona on Teina ejected in a demsendiiMr Yeirdcal» fn m1 thole at 
least which Savart describes in a pieetie manner. We pass to ▼eins ^ected in 
other directions. And first, since, in these veins, there is equally a transform- 
ation into isolated masses, sounds must necessarily exert on them an infliKMice 
aiialoj^ourf to that which they exert ou veins ejected vertically from, above down- 
wai'doj No. 15 of § 3 has therefore no need of explanation. 

§ 85. Bat this is not the case with No. 16. * If all the diTisions, on attaining 
one after the other the extremity of the continnoaB part, became isolated in 
identically the f?amc manner, ana if all the masses parted from thence with the 
velocity precisely corresponding to the movement of translation of the liquid 
at that point, these latter would all describe exactly the same trajectory, and 
then the discontinnoaa part of the vein oonld present no dispersion or sheaf- 
like jet ; there are iiregnlaritles, then, as Sayart remarks, in ihe emission of 
the isolated masses o£ the extremity of the oontiniunts part ; yet those irregu- 
larities must be very small, as the sheaf has no great extent. T had thought 
at tirst that they proceeded from the same causes with those which wort; con- 
sidered in § 10. But if that were m, the suppression of the extraneous action 
woold eaase the sheaf to disappear and thus reduce the whole vein to a single 
jet; but this is what nperiment has not confirmed: hy employing, in regard 
to such a vein, the means used by Savart in the case of descending vertical 
veins — that ia to say, by receiving the di^^continuous part on a thi^k board, suita- 
bly inclined, and by placing soft bodies under the vessel from which the vein 
issues, under that in which it is received, and under the supports, I have not 
BUGceeded In producing any oonsidarable diminntion of the sheaf. We must 
infer from this that the irregnlarities are not owing to the vibratory move- 
ments, and that, consequently, they affect the action itself of the confij^urative 
forces. We perceive, in effect, that, considering the nature of the phenomenon 
of transformation, even slight disturbing causes must have an influence on the 
perfect identity of all the diyisions which arise one after the other at the con- 
tracted section; we have seen, for example, in the experiments of §§ 50 to 65 
of the 2d series, an extraneous cause alters the equality of length of the divi- 
sions of a cvliriflrr. This premised, we proceed to show that small differences 
of this nature in the incipient divisions of a vein, ejected under a suitable ob- 
li({uity, must necessarily give rise to a certain dispersion of the discontinuous 
part- 
Let us consider particularly two of the constrictions with the dilatation 
which they comprise between them. As we have seen, each of these two con- 
Btrictious, at first very feebly indicated on quitting the contracted section, after- 
w^u'ds deepens gradually in the transit of the continuous part, by transferring 
half of its liquid to the dilatation ; this then receives, by its anterior extremity, 
a portion of the liquid whioh is driven in a direction contraiy to the movement 
01 translation, and, by its posterior extremity, a portion which is driven in the 
same direction with that movement, so that its velocity of translation tends to 
be diminished by the first and increased by the second of these accessions. 
Now, although these two opposite actions are in general uneij^ual, because the 
anterior constrictioiL is, at each instant, in a little more advanced phase of 
transformation than the posterior, yet if the two constrictions were perfectly 
identical at their respective inceptions, and if, in the sequel, they have under- 
gone identically, though not precisely at the same instant, the same modifica- 
tions until their respective ruptures, it is evident that after these two ruptures, 
that is to say, at the moment when the dilatation exists in the state of an iso- 
lated mass, the sum of the quantities of movement supplied to this mass by 
the anterior constriction wHlhave been absofattely compensated by that of the 
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quantities of mnvrment wliich have, bfcn snppliod, in the cither direction, by 
the popterior constriction, and that hence this mass will quit the continuous 

{)aTt with the veiocitj exactly corresponding to the general movement of trans- 
ation. But it is dear that tiie compeneatioii w31 be no longer entire if the 
two coDstrietioiift dlftved in their tneeptkm ; it, tot vzawpl^ &f were nae^iial 
in lengtih : it reenlts from the Icsb duration of the tmiuformation when ditt 
divisions aro Ionc"*^"r, (2d scricp, § 66.) and when, consequently, the constric- 
tions are lon;j:! i . tliat the more elongated of the constrictions in question will 
deepen more rapidly than the other, and as, in virtue of its excess of length* 
h compriMB more liquid, It will eottirey inKo Hie dilatation a greater offink of 
material with greater veloeities, and 'coneequetttly^ a freeftM faiaitity of move- 
ment. If, then, this constriction is the posterior one, the mass will quit the 
contracted section with an excess of velocity, and if the anterior, with a defrrt 
of velocity. Thus, elij^lit dlficrcnces of length in the incipient constrictiims 
will result iu establishing small inequalities iu the velocities of the successive 
isolated maiBeee ; hvt mse masaes will thto, neeeBeaarfly* t a r a vet a e patraholai 
of unequal amplitude, and wi&v touBt^viBa&yt be apiead oat lb a vbrtieal plimbk 
tiius forming the sheaf. 

Thi3 explanation supposes that the disturbing causes do not produce, in the 
coustrictious, any irregularity in directions pei-pendicular to the axis of the 
vein ; and we are led, in effect, to conclude, from the ejEperiment of § 2X that 
the oonstxietioiia and dilatations tend with great ibroe to a eymmekiy in rehi- 
tion to the axis, and that hence irregularities in a direction perpendicular te 
tlii^i latter cannot ho p<>rpi8tent. It is clear, also, from this exjManation that 
there are two extreme limits for which the dispersion is necessarily null, 
namely, when the vein is ejected vertically from above downwards and verti- 
callv from below vpwarde, 8inee> hi t^ese two eaBesi All Ae isolated inammi 
perform the Bame rectilinear trajectory;* if, therefore, we pass from the &i(t 
to the f^ecoud by gradually varying the direction in which the jet is thrown, 
the sheaf cannot begin to show itself in a very distinot mnnner except on 
attaining a certain angle between that direction and the descending vertical, 
and it will cease to be very distinguishable beyond a certain other angle. 
Moreover, to long as the veih n thrown in direetfotiB deaeeilding obliquely, foA 
even in a horiiontliQ direction, it will be readHj^ conceived that mI i hi extremity 
of if " enntinnmis part, apart which is generally of quite considerable length, 
it will already approach too nearly to the vertical to allow a very clearly 
marked sheaf, so that the first direction which will begin to render the eheaf 
distinct will be one aacending obliquely. AU these eondtisions are in accord- 
ance wilih tile ikcts of the nnmlM^r We ate eoosidering. 

Wo admit, it will he seen, that the inequalities between the incipient coa- 
ftrictions do not depend on the direction in which the jet h thrown ; and there 
is no plausible i*easou, in effect, for attributing these inequalities to the ascend- 
ing obliquity of the jet. If we have not spoken of them in treating of veiab 
descending vertioally, it is because, in the taite^ veins, they Ctotanot jtfive ziaB 
to any i^pearance of a peculiar kind ; they ihim do no Inore than evidently a 
little augment, in the axis of the vein, the inexactness of the superposition of 
the individual systems of expanHiona and nodes, and thuR pimply constitute an 
influence to be added to those mentioned in § 10. As to the nature of the di^- 
turbiiig causes which produce the inequalities iu question, it would doubtless 
be diffieoit to diaoover it; bat, whatever it be» the diapualoA of the diaooii* 
tinuoua part hi veina directed under a anitable angle reveAls td M the pretanea 
of those eanaes. 



• In a vein cjectetl vertically from below unw.arcis, the liquicl ecatters, it is true, in falling 
bftrk, but I ofie4 aot lemark that this latter oifipereion is owing to a wholly difCarenfc caus^ 
and htm noUud^ in oommoB with iiie phenomena we oka dottsidaling^. 
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§ 26. Now, a vein being projected under sucli an ang^lo that the sheuf shall 
be WfSi formed, let us subnut it to the intiueuce of a sonorous instrument. The 
comid wludi will mott flherten tlie oontinaoiit part irlU rtiU i>e €rr1dentl}c 
whose vibrations succeed one another at the same intervals wliieh the constrio- 
tiens and dilatations duo to \hr configtiTntive forces (§§ 5 and 12) observe in 
their passage at the contracted pection. But these vibrations being perfectly- 
regular and isochronous, they will prevent, if they have suihcient uitenFity, 
the diBtnrbing eanaei iiroii modifying the incipient constrictions ; in other terms, 
i& iaiaeiicaiig tlie fa aa Bfewnalien, they wiU impart to It lieir own regularity, so 
that all the incipient constrictions will have the aamo leng<2i» and tienee all 
the isolated m^'jsop will follow identically the same trajectory {§ precerlirif; ;) 
uader the iniiuencc of this sound the sheaf will disappear, and the whole of 
the vein be reduced to a single Jet presenting a very regular system of expan* 
vions and nodea. 

§ 27. As to tlie Bliigiilar afeetfi of veduetion of abaaf to two or three jeto 

nnJer the influence of other sounds, it would be necessary, in order to attempt 
an explanation, to k^iow the relations of the sounds in question wiili tlio pritn-.i- 
pal ones — relations which Savaxt nowhere indicates. But is the.<e phenomena 
1^ set the least curious of those which result from the acLiuu of vibrations on 
liqttfid ydnfl, I have deelded to attempt this niTeBtifi»tio«. 

^he orifice I <'mployed had a diameter of 3 mwimetres; it was pierced in 
the centre of a eireul ir plate of brass of 12 centimetres diameter,* so inclined 
that the jet might be projected at an angle of about 'A^'^ nbove the horizontal ; 
this plate formed one of the bases of a cvlindrical drum which communicated 
hj a aorisoiital tabe, wM and short, vi«i the lower part of one of Hariotte'6 
lar^ vafies; the diedbaii^ waa of 34 eeiitiiiietreB,<he mmnmm iaetnimeatwae 
a violoncello, the base -of w4iieb was made to Mst an the #mi|> < i r Ui of the a^ 
^aratus. 

The sheaf being well developed, the attempt was made fn the first place to 
ascertain by approaches the principal sound, ur, iu other words, that which pre- 
cisely reduced uie wbole vem to a single jet with a regular system of expsar- 
.aions and nodea, and which, at the same time, eaoaedtiieflmt expansion to ariae 
very near the orifice. This point being attained, the sound of the instrument 
was raised by successive seini-toTK^s. Under the influfnee of the vibrations 
thus commuuicated, the jet hr^t lost its regularity, next the Bhciif gradually 
reappeared, aud afterwards was maintained without being reduced to either two 
•r wree jets. A retara was then made to the pifndpal Boud, and from tint 
point the sound of the instrument was cansed to desee&d* Ulcewiie Jby seau* 
tones. The same effects, tlie alteration, namely, of the regularity of the y-t 
and the progressive reappearance of the sheaf, were now manifested; but, on 
approaching the grave octave, a tendency to the change of the sheaf into a 
donUe iet was remarked, and when this last sound was reached, the sheaf was 
distinctly replaced bv two jets with regular systeoM of expansions and nodes. 
The sound continued to be lowered, and the two jets Still to appear, until the 
third below the grave octave was attained ; still lower, and so long as the double 
grave octave was not reached, sometimes two aud sometimes three jets were 
obtained ; the fifth, however, sometimes yielded a siugle jet j finally, for the 
doable grave octave, three jets were eonstantly observed. In all these easea^ 
the jets continued each to have its system of expansions and nodes. 

These facts are less restricted than those stated in No. 16 of § 3; according 
to that number* in which the puxport of Savart's expfessi«Mis is reproduced, it 



* A tHrimetcr so considerable etnplnyeid from the necessity of leaving snfficiont liberty 
to the vibrations of the plate. Without that liberty, the vibmtioxu of the liquid which flows 
towards the orifice woola be impeded, end woold heaee less bobm of llwls aonon en the vein. 
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would be only mist the inflaenee of tlie principal sound tliaifc tbe slieaf vould 
be contxaeted into a single jet» and there would be only two other definite and 

different sounds which would cause to appear respectively two and three dis' 
tinct jets. But the absence of an indication of the relation between these soiinda 
and the j>rincipal one enfficcs to show that Savart not given cloae atten- 
tion to the phenomena of this kind, and thai aiiur having observed them in 
isolated eaees* he did not inqotre whether they were Boecepable of extension. 

§ 28. Let ns see now if the theory will account for these phenomena. We 
will begin with the grave octave. For this sound, the duration of a vibration 
is double that of the passage of a constriction or a dilatation at the contracted 
section, whence we may conclude without hesitation that the divisions which 
would originate under the sole action of the grave octave of the principal sound 
would be double the length of thoiae which would be produeed ny the isolated 
action of the eonfigurative forces. From this we may admit that each of th^ 
former comprises exactly the sum of two of the latter ; for in this way, at all 
tlic sections which terminate the^e pnms or couples there is evidently an abso- 
lute concurrence between the two kinds of action, the sections iu q^uestion con- 
ttitoting at once the oentres of the consttictiMis which would result ficom the 
vibrations, and centres of the constrictions due to the coniiguratiTe IbrceSi 
Now, let us examine what will pass* during the transformation, in any one of 
these couples of divif^ions. The couple being composed of two entire divisions, 
contains two dilatations which comprise between tiiem a constriction, and is 
terminated by two semi-constiictious. Kow, while the entire constrictions to 
which these terminations pertain are, as we have seen, &vored by the yiba^ 
tiottS| it is plain th ii tlic intermediate constriction is, on the contrary, in eon* 
flict, since its middle, which is the middle of the couple, corresponds to thr* 
middle of the division which the vibrations tend to produce, and consequently 
to the middle of the dilatation of the latter ; thus each of the dilatations which 
the configurative forces give rise to in the vein is adjacent to two dtlatationa 
unequally solicited. Horeover, the constrictions fiivored by the vibrations must 
be elongated under their influence, since the constrictions which the latter would 
of themselves produce would have a length twice greater, and as the length 
of each of the couples of divisions above considered remains the same as iu the 
absence of the sound of the instrument, it follows that the constrictions inter- 
mediate to the preceding, that is, those which occupy the middle of the couples 
and which are in conflict with the vibrations, must be shortened. We ma^ 
therefore admit that the favored constrictions, although, from the beginning, 
they are more slender than the constriction in conflict, still contain, because of 
their excess of leng-th, more liquid than the latter; and since, for the double 
reason that they are longer and are accelerated by the vibrations, they arrive 
more rapidly at their rupture, we percdve tiiat they will transmit to the dilala* 
tions more matter with more velocity, and consequently a greater quantity of 
movement. All the dilatations will thus be found in the condition analyzed in 
§ 25, and conse(piently the isolfited masses, on abandoning the continuous part, 
will have some a small excess ot velocity and the others a small dehcit of ve» 
locity. Bat here the vibrations, imparting their regularity to the phenomc^ 
lendier all the fiivored constrictions, at th& origni, identical among themselvse^ 
and in like manner render identical among themselves all the constrictionB 
conflict, so that all the masses formed by the dilatations which, in the Hoe of 
the continuous part, have behind them a favored constriction, leave with the same 
excess of velocity and consequently describe the same trajectory, and all the 
masses which proceed firom dilatations having a favored constriction before th^ 
leave with the deficit of velocity and also describe the same trajectory ; liencdl 
under the influence of the grave octave of the principal sound, the sheaf ottgfal 
to be replaced by two separate jets. 
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Y«t it would not be impossiBle that the flonnd under consideration niglii 
cause the sheaf to dieappcar; in effect, thia soand being already very graven 
at le;isr in rej^rd to the vein npon n hich I operated, its vibrations have ranch 
amplitude, niul mis-bt (§ 22) act with i*nfHcient energy to prevent the formatioa 
of the constnctiuus in coniiict, and thus leave in tiie vein only the divisions 
which they tend of themeelvei to produce, in which case all Uie isolated masses 
would neeessarilj hare tiie same velocity, namely, the nonnal ▼elocity. 

Let us examine* in the second place, the inflaeoee of the grave fiMi of the 
preceding sound, or, in other wordf, of the fb>nble grave fifth of the princ?pal 
sound. The vibrations of tins dunble fifth being thixje times less rapid than 
those of the principal sound, it may readily bo concluded that each of the 
divisions wliieh they tend of themselves to occasion in the Tem comprises 
exactly three of the divisions due to the oonfigurative forees. We see, more- 
over, that, of the three dilatations contained in this assemblage of divisionSf 
the Inst has behind it a favored constriction and before a constriction in con- 
flict, while the foremost has, on the contrary, before it a favored cont-triction 
and behind a constriction in conflict, and, finally, that the intermediate one is 
between these two constrictions in conflict, which are identical with one another 
at their respective origins. Hence the quantities of movement will necessarily 
be distribnted, in the isolated mnf?es proceeding front tbo=:e three divisions, in 
such manner tint the last will qnit the continuous part with a velocity superior 
to the normal velocity, the foremost will acquire a velocity inferior to this 
aormal yelocity, and the intermediate will quit with the normal velocity itself | 
and as, still on aocount of the perfect regularity of the vibrations, the cucum- 
atanoes are identically the same in each of the erystems of three diyisions, there 
can be, in the discontinuous part, but three different velocitif^s. If, then, the 
action of the vibrations do not ma.«k entirely that which, before its influence, 
the configurative forc€» freely exerted, the sheaf will be resolved into three 
distinct jets; and if, on the contrary, the action of the eonfiguratiye forces is 
completely controlled, which ought to take place even more easily than for 
the grave octave, on account of the still greater amplitude of the yibrationa, 
lliere will be but one jet, as we have shown to be the case above, 

'As to the separation into two jet!?, under the influence also of the double 
grave lifih, a result which experiment eq^ually yields, we can account for it iu 
the following manner: When the action of the yibrations is preponderant, and 
ihere arise, at the contracted section, only the diyisions which it determines, 
these have a greater length, pince each of them ocenpies the place of three of 
the divisions which the ertntii^urative forces would form; but we know (2d 
series, § 6^) that every liquid figure, of which one dimension is considerable 
relatively to the two others, ten£ to sepaxation into isolated masses ; we can 
ooneeiye, then, that in the diTisions in queetion, if the acquired transyerse 
velocities are not sufficient to oppose it, there may be new configurative forces 
developed which separate each of these divisions into two others by hollowing 
out a constriction in its middle, and, as all constrictions thus produced are 
eyideutly in conflict, the reasoning employed in regard to the grave octave 
^ows that we ought then to obtain two Jets. 

Let us remark here, that the anomalous configurative forces, to which we 
ibaye just had reference, could form, in each large division, only one constric- 
tion; if ihoy farmed two, which would separate each large division into three 
small ones, the.se would havo the same length with the divifions of the vein 
not submitted to the influence of the sonorous Instrument; but, for this to be 
possible, it would be necessary that the new diyisions should not experience 
more resistance in their formation than in the absence of all extraneous action; 
for we may conclude from what Uike? pbce in cylinders (2(1 series, §5 ns; and 
69) that» in eyery liquid figure, more or less analogous, the length of the divi- 
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fioaB iocFSMea with the seilstance; now, the aaquired transverso velocities 

eaasing, in (mr large divisions, a ten<l»Micy to persevere in the mode of trans- 
i^>rmati<>u im^Med bj the vibratioub, condiiiute a reaistaace to any further 
i^paratiuu. 

We paai, in the third place* to the double grave ootave. Here, each of the 

divi^'ioQS which would arise under the sole action of the vibratious* would eiri> 
dently comprise four of the divisions which would result from the configurative 
forces alono. Now, ii' these two actions were coTnbin<.'(l, it would t§eem that we 
should have four distinct jets ; for it is easy to see that lu the three constric- 
tions which would then be fbrmed, the ooaflict would be.une^ual ; that it would 
be etEonger for the middle ctonstrifition than fi>i! the two ethen, bo tbat each df 
the two dilatations eompliaed between these thiee oonitrictions would recevire 
from til*' two riidea unequal quantities of movement, and that the dilTcnMicf^s, 
iu tine, would bt; greater for the t wo extreme dilatation?, oach of whicli would 
be comprised bctw^eeu a coustrictiou iu couilict aud a iavored coubtrictiou. 
Bati on ttm one biuid. the Tibmtioae in question having a ooneiderable amplfe- 
tade» we can nndentand that their action must always tifactj that of the ooikr 
figurative forces, and, on the other hand, the divisions formed in this manner 
bluing very long, we equally perceive, from what has been said above, that new 
configurative forces must be generated which would effect the separatiou ; now, 
by reason of the resistance also indicated above, this separation should hei^ 
yield but three parte at jooit, which* in view of tha dimbntion of conflieti 
and concurreneee. and the ^egnhiting actioa of the vibttljona» most conyerft the 
aheaf into three jets only. 

There remains, in the fourth place, the action of the sounds comprised be- 
tween the grave octave and the fifth below, and between the latter and the 
double grave oetave. Far theae eonnda, there is no longer any simple telatioft 
between the lengths of the diviaiona which wotdd reaolt respectivelj from the 
vibrations alone and from the configurative forces alone ; but it will be admitted 
without difficulty that, under the influence of those which approach, whether 
above or below, the double grave fifth, and iu the case where the effect of the 
vibratious is uot completely substituted for that of the couiigurative forces, tiie 
dlTisions due to these foroea are a little shortraed or elongated, ao aa to allow, 
at tlu; limits which aeparate the aneceaaive systems of three of theae divisions, 
the ab.solute concurrence of the two kinds of action, and thus to re-establish 
the simple ratio of 3 to 1 pertaining to the double fifth; whence the resolution 
iaito three jets. Under this same influence, as under that of the double fifth, 
if the vibrations are preponderant, but not sufficiently so to oppose an ulterior 
development of configurative foMea* eaoh large diviaioa can be but aeparatod 
• into two, so that the discoDtinuoaa part of the vein ahaU.preaent bnt two jaia. 
It will be also admitted that the sounds nearest to the grave octave will cause 
the mode related to this latter to prevail, and that in tiiis case also the sheaf 
will never change except into two jets. As regards the sounds which do not 
depart too much fiom the double grave octave, m vibrationa have alwaya ai^ 
fiaent amplitudfl^ and conaeqaeatly eoffieient aetioD* to overpower the ordixMU^ 
configurative forces, and at tlie same time the diviaiplia to which they give rise 
are always sufficiently long to admit of each of them subsequently undergoing 
a separation, which divides it at most into three, and may also separate it into 
but two, if it encounters a greater resirttauce on the part of the vibratious; and 
hence two jeta or thxee. Aa to ibo ayateme of eayanaiona and nodea vMch 
axe obaerved in eack of the jeta, thej ace phdnly adconsequence of the aeqiiiied 
tianaverse velocities which proceed from the action of the vibrations. 

§ 29. It may be asked why, above the piincipal sound jind between that and 
its grave octave, no sound, with the exception of those which approximate to 
theae two last, had occasioned, in the exp^imentfl deacrihed in § 27, anythii:^ 
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analogous to the phenomena which we have just been conpidorinii;? in effect, 
for the simple grave fifth of the principal sound, by way of ex iiuple, it will 
ireadily be Been that the length occupied by the sum of two of jthe divisions 
due. to the vlbrationa alone wooH be equal to that occupied hj the sum of three 
^iTuioiiB due to the coufi^uratiye forces, bo tjhat hy iwegfailng time two rame 
«a{^08ed and combineo, there would be-a Qonfionaboe- in the two conatrio- 
^ns of which the terminations of the system would constitute a part, and con- 
flict in tbo two intermediate constrictions pertaininjL? to the second of the two 
soma under consideration; and since theae two coniiicts would be equal, we 
ijiMkt expect, atfieeably to oar theory, to see liheelieaf give piece- to Aree jets ; 
■aa we might SMO expect, for analogone ijaasons, the manifestation of three jets 
tinder the influence of the fourth alMip».ei|4 two jeke mdeB tfaet of the fiftii 
ebarp of the principal sound. 

But, by our theory, the appearance of one, two, or three jets in place of the 
iheaf supposes, as we have seen to be the case, that the vibrations comumni- 
eated to the liquid, shonld nsgnlate what paMoe in the lein, and tJm reqnizaa 
that they shoold hare an energy of action capable of ' iieatnJiailig the efVeot of 
the disturbing causes which tend to establish, in the successive constrictions as 
they arise, inequalities of length not symmetrically distributed ; now, all things 
being otherwise eciual,.the action of the vibrations on the vein decreasing with 
the amplitade of tneae Titnationa, we can conoei^e that above the grave octave 
of the principal soiind this action laay sim^j be iaraflieieat^ and that if it had 
been, possible to augment, by ,i more immeaiate transmission oe by a^better dhl* 
position of the system- of the orifice, the amplitude of the vibrations communi- 
cated, the three sounds indicated above would have ceased to show themselves 
inactive in regard to the sheaf This will become evident, if we observe that 
the vibxationa aot oantSau projected obliquely in;th» same- mawms aa on veiaa 
dJieeted vertically ficom a1)ove downwards, and if we recall that, in the tupeA' 
ments of Savart mentioned in No. 14, § 3, and explained in §§ 21 and 22, ex- 
periments in which everything was so arranged as to give great intensity to 
the vibrations communicated, the mode of transformation imparted by these 
last was completely substituted for that of the contigurative forces, even as re- 
•gaids sounds extending to the fifth sbafp of the principal, soond. 

We have spoken of the possible influence of a change in theji^stem of the 
orifice, and this because the orifice employed in my experiments was pi(!rced in 
a very thin plate, (being but about half a millimetre in thickness,) and henco 
this plate vibrated, perhaps with difficulty, in unison with sounds not having a 
eertain degree of gnavity. 

f 30. We have now, in order to finish the theoretical examination of the 
kifltiBBee exerted by vibratory movements on liquid veins, only to show the 
cmanexion of the theory with the facts of No. 17, of § 3. 

Since the principal sound is also that (§§ 5, 12, and 26) for which the dura- 
tion of a vibration is equal to the duration of a constriction or a dilatation at the 
aonftneted aeotioo, aact staee* from experiment* the nnmber of vibrations oor- 
ISf^nding to that sound proportionally diminishes as thediieetioil in which 
Ae jet is thrown departs from the descending vertical, the same is necessarily 
the case with the number of incipient constrictions and dilatations, and conse- 
quently with the number of incipient divisions. But, as the velocity of dis- 
charge of the liquid is obvioosly independent of the direction of that discharge* 
number of dlvlriana wMeh originate hi a given time oan only decrease 
notably by an angmeatstion in tlieleDgth of these incipient divisions ; hence, 
with" the saipe discharge and the same orifice, the incipient divisions continue 
to lengthen in proportion as the direction of the emission of the vein departs 
more from the descending vertical. Now, this result is directly deduciblc from 
the hypothesis of $ 2. In effect, while a vmn directed vertleally ficom above 
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dowmrafdi toiids to grow more deadflr bj tomob of ike aeeeleratioii of the 

movement due to gravity, a vein directed vertically from beloimpwarda, on 

the contrary^tends to grow thicker on acconnt of the retardation due to fi;ravity ; 
and Bince, according to the hypothesis' in fpie^Jtion, tlio prop^f^ssive attt'nunrion 
of the vein directed from above downwards occasions, by virtue of the recip- 
rocal dependence fsolidarite J of the divisions, a diminution of length in the 
incipient divisions, the thickening of the vein directed fiom helow upwards 
must, for the same reason, occasion an augmentation of length in the incipient 
divisions; wh^ncp it follows that, when the direction of the cmifpion of the • 
vein passes progrcissively from the first of these cases to the second, the inci- 
pient divisions will continue gradually to grow longer. 

As is seen by the number mder diseiiBdon, ftom the ^Breetionof the deseend- 
ing vertical of the vein to the horisontal direction, tlie lowering of the principal 
soond Is inconsiderable, but it becomes considerable from the horizontal direc- 
tion to that of the ascfMidintr vertical, which implies that tho pame shall be the 
case with the lengtheuing- ut tho incipient divisions. Now, tiiis fact also flows 
from the; hypothesis of § 2 : in effect, the vertically ascending vein tends to be 
mneh more thiekeoed, especially towards its upper extremity* on acconnt of ibe 
gradnsl annnlment of the velocity of the liquid, tlian tlie vertically descending 
vein tends to become slender at an equal distance from the contracted section ; 
consequently, and still in virtue of the polidriritv of the divipiong, when the vein, 
thrown at tirst in the horizontal direction, contmues approaching the ascendiug 
vertical direction, the saecessive au^entations in length of the incipient divi- 
sions mnst beeome nmch greater than when vein, Quitting the vertically 
descendmg direction, attains by degrees the horisontal direetion. 

The facts observed, heinir thni? connected in a necessary m?inner with the 
hypothesis of § 2, nrrve reciprocally for c ntirmation of the latter, and it wa? to 
them that we had allusion when we said (§ a) that this hypothesis was sustained 
by the results of ezpoctment. 

§ 31. In tenmnating the second series, we aanonnced that in the p re s e nt one, 
after completing what relates to liquid veins, we should tr^ of figures of c^ui- 
librinm other tlian the Hphere and cylinder, but in order iiot to irive ton much 
extension to this memoir, we have decided to reserve the latter subject for an- 
other occasion. 

Note. — Since the publirntinn nf our theory of the constitution of liquid veins, 
as explained at the end of the previous series, the discuesiou of such veiii:^ Ima 
formed the subject of several successive publications, which we pi^opose bneiiy 
to recall. 

In 1849 IC Hagen presented to the Academy of BeriBn a meBMNro»I^^M&» 

wJtich are formed at the meeting of two liquid veins, and on the resohftifm of 
isolated liquid veim into drojh^, { V^^^gQndiOrf(*e. Annalrn. vol.lxxviii p. 451.) The 
experiments made by the author on isolated veins conduct him to a law, in re- 
gard to the relations between the length of the continuous part, the discharge 
and the diameter of the orifice, which does not seam to him to coincide win 
those of Savart. We are conviooed that the disagreement is but appaient. In 
fact, Savart has only given his laws as approximative ; and besides, as we have 
shown, (2d series, § 80,) these laws only con.«titute limits which the result? of 
experiment approach the more closely as, for a definite orifice, the leac^t »>t tiie 
dibcharges employed is stronger, and as, for a less but definite discharge, the 
orifice » smaller. As to the ^encmenonof the lesoltitkm into isolated masses* 
M. Hagen, who could Iiave no knowledge of our theory, tluB latter having been 
then too Intrly piiblishcd, hazards the ooiigectiiTO thit tw vsBolntioa is probably 
attributable to the caj^iilaiy £uxes. 
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In 1851, M: BiUel^SeliB piiUirii€d, in tlie Anmakg de Chimie et ie Physique^ 
(t. xzzi, p. 336,) a notice en ike meant of lAnrtrng the constitution of liquid 
ffems. He there describes two diffcreiit proeessee : the first is that which was 
indicated some time ago by myself for the obBervation of rapid periodical move- 
ments, the employinent, namely, of a revolvinj:^ disk, pierced with narrow Blits, 
equidistant and iu ihe direction of the radii ; the second, which is an ingenious 
nwdification of that of Savart» consists in producing, by lielp of a large concave 
mirror, a real and inverted image of the yem, under such an arran-^ement that 
ihv vein and its image shall appear confounded. I will recall, in this connex- 
ion, another process, communicated in 1846 to the Academy of Sciences at 
Paris by M. Matteucci, iComptes Rendus, vol. xxii.p. 260,) which is a happy ap- 
plication of that devised hj M. Wheatstone, for the case of rapid movements: 
it eomists In iUnmiuating ^ vein by a strong electric spark. 

A memoir entitled Nouvelle TkeoriedeVEcovlementdes Liquides was presented 
to the Aciidemy of Sciences of Paris, (February 26, 1855,) In^ M. Dtjean, but 
is generally known only by a short analysis, which w^e owe to tL* ;\iithor him- 
self, and which was inserted in the scientific jounmlii ; this treat^i, among other 
subjects, of the eonstitntion of liquid veins projected from ciieolar orifices, and 
of the action exerted on them by vibratory movements. M. Dgean admits* 
for the case in which the vein is withdrawn from all extraneous action, the ex- 
istence of the pulsations which Savart supposed to be produced at the orifice 
by the elEnx itself, and he seeks to explain these pulsations, the laws relating 
to their number, and a part of the phenomena which depend on the influence 
of Bounds. The analyds In question makee no mention of our theory. 

Still another memoir, entitled Recherchcs Hydre/nUquet, was presented, about 
the same time, by M. Magnus, to the Academy of Berlin, (Pog^r!;pnrlorft'' • An- 
nalen, vol. xcv, p. 1 ) The anthor occupies himself chiefly with the plieuomena 
which are manifestea when two veins meet under certain angles, and with the 
different aspects assumed by veinis which issue from orifices of different fbrms ; 
but he speaks also of the constitution of veins escaping from cireular orifices 
and of the influence of sounds. M. Magnus, who likewise makes no mention 
of our theory, attributes the separation of the in fj 3 pes which compose the (Wa- 
continuous part to the increasing inequality of the velocities of two couti^uous 
hotizoQtal titrata of the liquid of the vein. As to the manner in which the 
flonnds act, the little that ne says reverts to the idea of Savart of which we 
have ourselves made use in the present series, that, namely, of successive com- 
pressions and tractions exerted by the vibrations, but he combines it with his 
own opinion on the formation of the discontinuous part. 

Inasmuch as the theory which we have developed at the close of the second 
series is not based* as regards its fhndamental principles, on hypothetical con- 
siderations, hut is the necessary consequence of results of experiment; as it 
gives an explanation of all the details and of all the laws of the constitution 
of veins projected from circular onfiees and not subjected to the influence of 
^^b^ato^y movements; as the pn srnt series, finally, renders eqnnlly an account 
of all the phenomena occasioned by this last influence, we have thought it use- 
leM to enter into an^ disenssion in regard to the above theori^. 
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FOUK'FH SEBm* 

F^[uret qf equilibrium of revdutUm, other than the sphere and the cylinder. 

§ 1. The imceding series having completed the theoretical study of the liquid 
vpiii, return to lir|uid masses withdrawn from the action of gravity, and pio- 
podc lo prosecuK- the exauiination of figures of equilibrium of revolution. 

Let it be remembered, in the first place, that if we designate by B. and R' 
tlie two pdae^^ ladti of onrvstore at ibe Mune point of the firee enifiMO of s- 
liqnid mwa Tiztnally without weight, and by C a constant, the expression of 
the gflOBul eonditioii which such a Bur&ce should satisfv in a state of eqiiilio 

1 1 * 

briQin Is (8d seiies, § 6) ^+;^/'^^» ^ ezpresiioii m which B and Bf aie 

potutive when they pertain to convex curvatures, or, in other worde, when they 
are direeted to the interior of the mass, and ncgatiTe in the opposite ease ; nt 
it be also remembered that this equation is a simple transformation of that 
which implies that the pressure exerted by the liquid on itself, in virtue of the 
mutual attraction of its molecules, does not change from one point to another 
of the surface of the mass, (Of id. ';) and be it remembered, lastly, that, accord- 
ing to a known property of surfaces of rerohition, if the figure of equilibrium 
pertains to that class, one of the ladii B and B' is the radios of enrvataie of 
the meridian line at the point under consideration, and the other is the portion 
of the perpendicular comprised between the point in qne?tion and the of 
revolutioot or, as may be expieaaed more aimpl/, thck perpendicular to that 
point. 

In tihis ease, that is, in the case of sin&ees of rerolutiou, the preceding 
pressioo, put in the differentisl fbrm, is completely integrable by elliptical fiino< 

tioDS, so that the forms of die meridian lines may be deduced from it, and it is 
this wln'ch M. Beer Ins proposed to do in a recent memoir,* in which, for the 
second inne, he has dune me the honor of applying the calculus to the rcaults 
ol luy experiments ; and, besides this, a property discovered by M. Delaun»iyt 
by means of the mIcoIus, and since demonstrated geometricHlly by IC. lur 
xnarle,| enables us to attain the same olject without having recourse to elliptic 
cal functions. "We shall ppmk, in a proper place, of these resources of analysis 
and geometry; but, in the present series, we purpose to arrive at the forms of 
the meridian lines, at all their modifications and all their details, by a reliance 
upon experiment and by availing oaisdves of simple reasoumg applied to the 
relation which the equation of equilibrium establishes between the radius of 
emrvatoze and t^e perpendicular. Onr undertakings in which eiperiment and 
theory will proceed HTfle by side, may thus serve as a verification of the latter. 

To avoid ail ambiguity, we will replace the lettera R and R' by the letters 
M aud N, the first of which will be understood to designate that one of the 
two principal radii of eorratore which pertains to the meridian line, and the 
second that which eonstitates the normal or pSEpendicnlar; so that, as regards 

figures of revolution, the general equation of equilibrium will be, 

§ 2. This notation being adopted, we shall proceed, first, to demonstrate that 
the sphere is the only figure of equilibrium of revolution whose meridian line 
meets the axis. To this we may add tho plane, if we consider it as the limit 
of i^eros, or as the snrfiiee generated by a right Uae pgpendicular to the axis. . 
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Let vs eoncdre a fifiwe «f emiililvilim of iwohttloii not being either a 
imlieiQ or a plane, and whose meridian line meets the axis. I miuntaiiii in the 
first place, tnat this line can attain the axis only perpendicularly. In eShct, if 
U inteEBeoted it obli^oely, or if it were a tangent to it, the peipendicalor yrtnM 

be mil at the point of InlefMctioii or of contact, and the qnantity +^ would 

become infinite at that point,* while it would be of finite Talue at neighboring 



* Tbeare is <mm CMet* howwer, in which this reasoning would seem not to be applioaUs. 

We may conrcivn n curro such that, at the point wbero it meets the uxis, the raJius of cnrva- 
ture would be uull, and that in tho neighljorhood of this poiiit the radius ot" eun uu:* nnd 

the perpendicular would be of opposite eig^ns; then (he quantity ~l~ ^ woTild constitute a 

difference, of which both tenns would at once become infinite at the point situated on the 
axis, and it is not apparent, at the first g'tanoe, lhat tUs difference migm not remain finite. 
We have to demonstrate, therefore, that the thing is impossible if thn curve does not meet 
the axis normally. For that nuipose, but only in this case, we sliall be obliged to moke use 
of tlie Icnown expresstons of uie nuttas of earratore and of the pcrpaidienlar in ftmetions ot 

differential coefficients. 

If we take the axis of revolution as axis of the abscisssB, we shall have p and respect 
inly tbe difieranlial ooefficMs of As 

K-ii±i^..^ (i> 

q 

N = (2> 

whence we deduce, for the relation of the two terms of the first member of (he et^uation of 
equUibdnm: 

w 

Now, letjf^/fx^befliaeqiiatioBof tibeinatlcBaaliiie* Tskmgasoriginof fliseo-oidfaialsK 

the point where this line meets the axis, SO that for x=o we have y—o, we can then sup- 
pose the fianction /(x) developed in a series of ascending and positive powers of x; and if 
we asavme iheA tiie enrre meets the axis under an angle other tbam a right angle, wbidi re- 
quires that, for x = o, the first differential coefficient sTiould be finite or null, it will be necee^ 
saiy that the exponent of z, in the first term of the series, should be unity. I^ei us lemark 
here that, having only to consider the curve at tiie point whero It reaches the a^ uid at 
points very near, avo may always consider z extremely small, so that, in relation to thia posi- 
tion of the cur\ e, onr series will be necessarily convergent. Let us say, then : 

j=tfx + /»a;'»+czn4- (4) 

aD>afiuitioa hi which the ezponeitli m «.... am positiVB and greater than oai^. CMiae- 
qiMntJy we shall have : 

p=a-}-mbx^ — ' + nex^ — ' -f •••••• •••••• .... .... .... 

y ~ m ( m— 1 ) ftz^n— ^ + n ( n— 1 ) cz«— « + 

The first of these expressions, when we make tiieruin z=:o, is reduced to p = a, so that 
flia earv* meets the a^ ante a finite angle, but other than a ri^t an^e, or under an angle 
null, accord?!!:'- ns we suppose the constant a finite or equal to zero. Then, if we assnroe 
that at the poiui situated uu the axb) the radius of curvature is null, we see, by I'uruxuia (1,) 
that in this same point q must be infinite, and, in virtue of the second of the above expres- 
sions, this oonditioa wiu be satisfied if the faaU, at leaati of the eq^Kmento m a.... be hm 
than 3. 

Let us now introduce into the fiamola (3) ttMM Mma v x prmkm d f and f and that 
off. ThfliewiUxesaltt 

K 1 -f (o + mtx°*— ^ 4- acz"— 0 » 

S 

and wo readily see that, for r — ^, this ratio becomes infinite. Thrn, in effect, since the 

quantities mn are all irreater than unity, on the one hand the numerator reduced to 

I I a* that is to say, toaoaite quantity; and, on the other hand, the denominator, of which 
t of the taiaUer tat^fomnt, aftwr the wydiita MBltiplteatieii, to «i(a»-il)ate'*-~*, la 
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points ; this qnantitj wonid, fheiedbfe> not be Gonstant in tli« entire Hue of tiM 
cunre as the equation of cqailibrimn requiree. 

Iiet ns imagine, now, that the liquid fulfils the eondition just laid down, and 
proceed to consider, at its dop irtnn? from the axi?, an arc of the moridif.n line. 
As, by the hypothefi^, tliis line neither straight nor circular, tiie curvature of 
the arc will vary from one puint to another ; it will commence, consequently, 
diher hy a proeeis of aogmentotion or dimmn&vi, and wo may take an an m 
small that the cnrTatnie shall go on oonstanHj augmenting or constantly dimin- 
ishing from the point situated on the axis, quite to the other extremity. Let 
ns suppose, first, the curvature continually increasing, and let a h ' Fi*?. 1) he 
the arc in question. At the point a the perpendicular ia coincident with the 
axis, and, in proportion as it leaves that point, forms with the axis a progress- 
ively greater angle ; but we will so limit uio leDgth of the are iha^ from at/^d, 
this angle shall not cease to be an acute one. Through the two points, a and di 
let ns de.icribe an arc of a circle, a c J, whicli shnll hnve its oonirooil tho MSlS^ 
and which, Gonseqn«ntly> meets this axis perpendicularly; 




J - ai . .1 rff 

Since the arc ah dt whose cnrvaturf^ constantly increases, depart*' from a in 
the same direction with the arc of a circle, and, after b(Mng separated from it, 
rejoins it at d, it is evident that its curvature must, at iirst, be less than that of 
this seeond are, and afterwards beeome greater, fo tiiat at Ike point i{ Ithe ladias 
of curvature of the arc ab d\z smaller than the mdiu of the arc of the circle. 
But from the common initial direction of the two arcs, and from this relative 
progrp^'sioTi of the curvnturp of the arc a h d, \i necessarily results that this 
last is, m tlu" figure ehowB, exterior to the other, and that at the point d it must 
cut and not be a tangent to it ; if, then, at this point d^ we draw the perpea- 
dlealar df in the are of the dure and the fsdiw A gait the aie of the euEde. 
tlie former will be less oblique to the axis than the latter, and will conie- 
quently he shorter. Thus, at the point «?, the two quantities M and N will be 
both less than the radius of the arc of the circle* Lf't us take now, in the part 
of the arc a b d, where the curvature is less than that of the arc of the circki 
any point and let ns take, on the seeond of these arcs, a pennt eo that Aft 
portion a n shall be equal in length to tho portion a m. Under these condi- 
tions, the pom* M wiU to etidieadjam x«Boto iion IIm axh^ 

entirely annulled. We may remark, in passing, that this rcsalt is independent of the coq* 
ffitioQ in^2, 80 that it is true as well for a tsdiaa of enrvature, finite or infinite, at tho pomt | 

BiUaated on the axia, as for a radius of corvatore null, which should be the case according 
to what htui been seen above. Now, if at this same point the laUiin* of curvature is null, the 

two quantities ^ and both assume, indeed, an infinite value; but, since their ratio 
N M 

bocozoes at the same time lufinitt^ theii diffihnwii bflcomes also IbAi^ whkh is wihafc mi 
nq^alnd to be demonstrated. 
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and* on the o&tut Imdr the perpendieolaar at « viU l»e moia obfiqne to the azia 
tliaa tlid raditu drawn £rom » ; for this double reason tlie perpendicular in qucs- 

ti<ni v,-:11 1)6 greater than the radius of tht* arc of the circle ; but, because of tho 
iui'eriority of the curvature at m, the radius of curyatord at that point will bd 
also greater than the radius of the arc of the circle. 

From all this it results that the values of H and N, corresponding to the 
point m, are both saperior to those which eocxaapond to the point d; rat it ia 
olear that M and N are of tha samd signtfaronghont the lengni of the axe a d 

and that tiins, at the pofait m as at the pomt d, the quantity '^+^ constitutes 

a puin ; thi«» panie quantity, then, is emalit r at ?fi than at d, and* consequently* 
the equilibr^uai oi the liquid figure gi^nerated is impossible. 

If we «upposeinowy that 1h« eorrataie of our a«iidian arc constantly dfmiii- 
ishes, as k seen (Fig. 2,) it is apparent that then this arc will be 

interior to the arc of a circle a' c' d', having ita centr«? on the axis, thaLits cur- 
vature will at first be superior and become afterwards infr-rior to that of the 
latter, and that at the point d' one of the arcs will again intersect and not be a 
tangent to the other ; whence we may conclude, by the mode of reasoning 

employed in the preceding case, that the quantity ^ greater at a point 

near «' than at so that the figure generated la* as before, impossible. 

Hence, when the meridian line meets the axis, the condition of equilibrium 
cannot be satisfied unless that line is a eireninfcrence of a circle, having its 
centre on the axis, or, if we suppose the radius of this circumference tu be infi- 
]ute» a right line perpendkolar to the asis ; the figure generated, thetefbre, i^ 
neeeseaiily either a sphere or a plana. 

From this flows, as a necessary consequence, the trath of the proposition 
whirh T nrlvniced (2d series, § 28) from the results of experiment, namely, that 
when a continuous and finite portion of a surface of equilibrium rests ou a cir- 
cular periphery, that portion must constitute a spherical cap or a plane. To 
be otherwise^ it would oe neeessary that the cap should not be a cnnre of reto- 
lution — a supposition which is never realized. 

§ 3. The raeridirMi line?* of puch other fi'jrnrcf^ of equilibrium of revolutiou as 
can have no point in common with the axid, must either be extended infinit'^ly, 
or be closed beyond the axis. The first class will generate figures which 
nAend to infinity, and of these the cylinder has already afforded an example. 
The second woald yield annnlar figms ; and we shall see, at the end of the 
present series, whether the existence of figures of that kind is possible. 

To simplify the investigation of the lines in question, we shall proceed to 
demonstrate that they contain no point of retrogression. If we suppose the 
existence of a point of that nature, there are three cases to be considered : first, 
ibat in whidi tiie tangent at the point of retrogression, a tangent which is com- 
mon to the two branches of the enrve. Is not perpendionlar to the axis of rero- 
lution, whatever direction it miy otherwise have ; second, that in which this 
common tangent is jwrpendicular to the axis, tui'] where the two branches ap- 
proach the latter in proceeding towards the pouic of retrogression ; and, third, 
tbaX hi which tlie common tangent, being again perpendicalar to the axis, the 
two branches, in proeeedang towasds the point of letcogresalon, withdraw ftom 
that axis. 

P'rst eafte. — By casting the eyes on Fig. 3, which represents, in meridian 
sections, portions of the liquid figure, for diftVrent positions of the point of retro- 
gression in relation to the axis of revolution ZZ', we readily perceive that in 
Uie neighborhood of that noint the perpendicnhtr is always, as regards one of 
the branches, directed to rae mtecior of the ]ii|iiid, and ia eonseqaently positive | 
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<w1ifle» «8 regards the oilier, it U direeted to the exterior, and ib eonseqae&lly 

ne^ativo. Now, the eq^uation cannot comprise this chaugc ui .:i^u of 

the ppri^onrlicnlar N in passing from one l>rancb to the other, for it would re- 
quirot th;rt at the point of retrogression ihit* perpeqclicular should be null or in- 
finity; and in the present case the perpendicular in question is evidently finite, 
dnee the tangent Is not perpendicnkr to the axis, and the point of retrogreseioii 
cannot be upon die latter. 

Second case. — If the point of retrocrrc^sion be of the second kind — that is to 
Bay, if the two Vtr.uiches which meet therein are situated on the same side of the 
common tangent — we se e that, for one of these branches, the perpendicular and 
the radius pf curvature are both positive, while for the other they are both 

negative; the quantity would then change the sign h\ passing firom one 

to the #het, and thus would not be the same thiongh the whole extent of the 

liquid figure. 

If the point of retrogreesiou is of the rirst kinJ — that is, if the two branches 
are situated on the two oppoeiite bides of the common tangent — the radius of cur- 
▼atoie, we know, is there null or infinite* bnt a radios of enrvature' nnll wonU 

render infinite the (quantity have to examine only the hypoth- 

esis of a radius of infinite curvature. Since, then, from the direction of the tan- 
genti the perpendicular is also infinite at the point which we are cousideriug, 
1 1 

theqnantity 11+^ would be redneed to aero at the same point; it would tliere< 

£^re be necessanr, for eqniUbiinm, that ihb qnantity ahonld also be nnll at all 
other points of the meridian line. Now, this is imposaihlBk since, when we dmit 
from tne point of retrogression, the radius of the curvature and the perpcndica- 
lar assume, on each of the branches respectively, values finite and of the same 
sign. 

Third case. — If the point of retrogression is of the second kind, the radius 
of curvatnre has opposite signs on the two branches, an^ consequently must be 
eidier nidi or infimte at the point in question; but, as has been already shown, 

we need not occupy oar^clves with the hypothesis of a radius of curvature null; 
there remains, therefore, tliat of a radius of curvature infinite. Now, the perptn- 
dicular at the same point being likewise infinite, equilibrium requires, as above 

that the quantily should be null for all the points of Uie meridional line. 

Heie^ at first glance, the thing seems posnble, since* near the point of retrogMS* 
sioilt the radius of curvature and the perpendi<»ilar, on each branch oonsidered 
separately, are of contrary signs, but we shall presently see that this posaibiliigr 

is but apparent. 

li liic point of retrogression be of the first kind, the radius of curvature is 
ihere necessarily null or infinite, as has been already shown ; and sinoe we mnil 

rej^t the radii of curvature null, the quantity again equal to zero at 

the point in qnf^?^tion, and must be so likewise at all other points ; which appears 
possible as iu the iurmor case, and for the same reason. But in order that at 

all points of the meridian line the quantity + ^ should be null, it is evidently 

neoessary that in eaeh of ^ese points the radius of enrratnie must be equal 
and opposite to the perpendicular. Now geometerp are aware that one curve 
alone po^^scsses this property, and that taat eurre is the catenat (thiWlttUt) 
which has no point of retrogression. 
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§ 4. The principles establiBhed ia the two preceding paragrapba having elimi- 
nated ftoin ttie qneetioii of our meridian lines the oomplieatkms whieh might 

have embarrassea it, we may proceed to deal more directly with the mibject. 

In the experiments relative to the formation of the liquid cylinder between 
two golid rings (2d serii^s, § 38,) when the upp^r nn^ has been raised so as to 
cause the mass of oil to lose its spherical form, but not sufficiently to cause it 
to aasoxDd the oylindrioal form, we obtained a portion of a fig;ore of eqailibriam 
of xevolntion pertaining neither to the sphere nor to the cylinder; it was shown, 
moreover, that if, after having formed the cylinder, the separation of the rings 
increasfnl. there would result another portion of a figure of equilibrium equally 
difieriug iiom the sphere and the cylinder, and which will of course be under- 
stood as being also one of revolution. In order to determine what the liquid 
figoies, to vnicb the portions in qnestion pertain* would be in their eompleted 
Btate, let osfitst cite a new expeniaient. 

We take aa a polid system a cylinder of iron of considenible length in pro- 
port-nn to the diameter, and supported by two feet made of wire of the same 
metal (Fig. 5;) let the length, for instance, be 14 centimetre!}, and the diameter 
2. This cylinder being caxefblly nibbed with oil and intiodnced into the vase, 
we bring into contact with it, midwinr its length, a sphere of oil of snitable 
volume. As soon as adhesion takes puM, the liqnid ma^s spreads nnon the sur- 
face of the cylinrl'T so as to envelop a part of its extent, loses the spherical 
/orm, and cont^titutes in the end a figure of revolution whose meridian line 
changes curvature in the direction of its two extremities, becoming at those two 

Cnts a tangent to the generating cylinder.* The meridian section of the liqnid 
ire and cl the cylinder is represented at Fig. 6. 





§ 5. As we hare shown theoretically, {2A series, §§ 6 bis, 10, 18 and 20,) and 
have verified by many experiments, when the liquid mass adheres to a solid sys- 
tem which causes it to lose its spherical form, the only parts of that system on 
whieh the new figure of equilibtfom depends are the very minnte lines along 
whieh it is in contact with the snpei£oial la^er or stratum of the mass, so that, 
the system mny in jr' nf^ral l>e reduced to u-on wires representing those lines. 
Now, in the tigurt; whicli wr are considering, the free surface of the liqnid mam 
touches our solid cylinder along two circumferences perpendicular to the axis, 
And passing by the pdntB a and h ; we may tiievefore readily ooneeive the en- 
tire cylinder replaced by two rings representing those circomforences, that ia, 
with an exterior diameter eoual to that of the cylinder, and placed vertically as 
regards one another, having oetween them the interval a b. It will be necessary, 
however, that the quantity of oil should be greater in order to supply the volume 
of that portion of the cylinder suppressed in the interior of the mass ; it will 
require evert a little oU in ezeess to tenlsh the so^tance of the two bases 
whidi leel npon the rings, bases whose surfaces, as wo shall presently see, will 
be convex spherical caps. In order to avoid these last, which would needlessly 
complicate the figure, we may take dislcs instead of rings; tlien, in both cases, 
the figure will be entirely formed of oil, and it is represented in this state, in 



*M. Beer (see note 1 of $ 1) indicates tlmsaroe experiment for verifying one of the iirahs 
rf Micalinilstiflfiii lmkIhad6Bipl07edit]oiig.befiDm. 
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its meridian section or yertical projectioi^ by Fig. 7, a m and b n being the > 
tions or projections of tlie rlisks. It will be stated hereafter for what reasoof 
we have suggested the Ube of a cjlmdex rather than of disks or xinga* 




§ 6. The figure which we have thus obtained, and in which the meridian line 
stops at the pomto a and h whan it tofaehefl the cylinder (Fig. 6) or ineeta the 
boraera of the dUks (Pie. 7,) evidently constitutes but a portion m the eomplete 
figure of equilibrium. Let us attempt then to follow the meridian line, start- 
ing from these enirie points a and h where its elements are parallel to the axis. 

It is easy to ehow that the poiuts a and b are not points of inHexion. At 
snch points the radius of curvature is either null or infinite; but since, hi our 
meridian linettt there ean he no qnestion of a ladini of eorvatiue niiU» vhieh^ 
would Tender the firit member of^ the equation of equilibrium infinity it wodd* 
be neeeMMiy to aafvpoae thia ndioa infiiute at the points whidi we afe consider- 
ing, and the equation would there he ledneed to ^3=sC. No^,llie points cand4 

(Fig. 6) are really point* of inflexion ot ibis kiud, as the aspect of the figure 
shows, in 80 much that the equation of equilibrium is there necessarily reduced 

to ';^=C ; the perpendicular N ahould then» at the points a and bf haye the 

same length as at the points c and d, which la eridently not the case ; for, in 
the first place, the points c and d are more remote from ^e axis than the points 
a nnd 6, and, moreover, the perpendiculars which proceed from the fonnf-r rxre 
obiic^ue to the axis, while those wiiich correspond totiie latter are perpeudicultf 
to it. 

Beyond the points a and h, then, the earn begins by preserring a eorfatnie 

having the eame direction as befijfei that is, a curvature concave towards tibeeot- 
terior (Fig. 8.) Now, let us suppose that in the prolongation starting from a, 
for instance, this curvature should continue either augmenting or diminiahing 
less than it diminishes on the other side ot a ; we can always take on the pro- 
longation in question a por^vn a m io small that at each point the eorvatnos 
shall be stronger than at the eonesponding points of a portion a « of the aana 
length taken on the first part of the onrve. By Tirtne of ^e greater cnrvatmie 
of all the points of the ^tc a m, the point mis necessarily more remote from the 
axis than the point », and, moreover, the perpendicular m r which proceeds irom 
the former is more oblique to the axis than the perpendicular n » which proceeds 
from the 8e(M>nd ; the perpendieolar at a» is» for tfau doolde reason, greaiter thn 
the perpendicular at «. On the other hand, eenfonnably with the saona hypoth»> 
sis relative to curves, the radius of curvature at m is smaller than at n. Thence 
it reaolts that in passing tsom. the point » to the point a*, the first term of the 

quantity increaaa and the second diminish. Now, in the parts of 

the curve which we are considering, the radius of curvature and the perpendic- 
ular are opposite to one another, and have conteqoently contrary (dgns, so that 

the quantity coustitateB a difference j it^ then* one of the terms of this 
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^pumtity incmset vlJb iiie oihar dtiOBeases, U eatnot preaem Hie umo vahie^ 
■id equilibrinm is Impoinble. If m suppose, on the eoatnnr, that the earvar 
tm of the aie 0 on parting from Ot mmtnieheB man ikm uiit of the arc a 

1 1 

we shall oonelade, by the same mode of reasoning, that the qnantity 

would likewise change its valoe In passing £rom one of the parts of the cnrve 
to the other. 

Thns the hypothesto of e wmUmm Mm greater or less m the arc a m than 
in the are a » is inoomnatible irlth the equation of equilibiinm; it is oooae- ' 
qnently necessary, in order to satisfy tLis equation, that, on the small p^onga- 
tion a m, the curvatnn'^ sbnnlrl Tip identically the same as on an arc a « of the 
same leugtli taken on tliu other side of a. Now, it is clear that this implies the 
identity of the whole portion of the curve situated beyond the point a with the 
portion sitoated withm It The portion of the eorre comprised betireenaattd h 
(Figs. 6 and 7) will be reproduced, therefore, beyond a, and, for the same reasons, 
will be still reproduced indefiuitely ; and the same will be the case on the other 
side of the point 5, in eucti manner that the meridian line will 'represent an nn- 
dulatiug cui-ve extending to intinity along the Axis, approaching and retiring 
alternately and periodically by equal quantities. 

The complete figure of eqniUhrfami, theiefoie, is prolonged to Infinity alonar 
the axis, and is composed of a regular and equal succession of expanded and 
constricted portionsb of which Fig. 9 represents a meridian section of a certain 




extent. To this figure of equilibrium we shall apply, in the sequel, the name 
of widMbnd, ttom rae Ann of its meridian Bne. 
§ 7. It is easy to conceive how equilibrium may exist in such a figure, althoogli 

in the dilited parti^ tlip ciirvatnrc is convex in all directions around tlio ^=nTT1o 
point, while, in the coustricted parts, the curvature is convex in certain direc- 
tions and concave iu others : it is because, in these latter parte, the convex or 
ooeltive c nr y atnr es are strcnger than the concave or negative curvatures, so that 
flie mean at each point (2d series, § 6) is positive and equal to that which cor- 
responds to the different points of the ailated parts. From the fact that, 
in tlie nndaloid, the menn f nrv ^tnre ia positive, it necessarily rei^nlt^ that when- 
ever we realize any poriiou of an uuduloid between two rings, the bases which 
rest upon the latter will be convex spherical caps. 

4 8. If, in the experiment of § 4, the volume of oil ramahiing the same, we 
employ a solid cylinder of greater diameter, the liquid mass extends still moie 
ill the direction of the axis, and tlin meridian curvatures diminish, so that, in 
the corresponding complete figure, the expansion and constrictions are less de- 
cided. Thus the meridian curvatures, in the parti^ and consequently in the 
wmplete figure, become proportionably effitced as the diameter of the solid cylin* 
der is greater; whence we perceive tlmt, in these varialaons, the complete figure 
tends towards the cylindriod form, whkh may be cmuiiderecl* therefoie, as the 
fimit of the variations. 

If, on tlie contniry, wliil* the volume of oil dtill remains the same, we employ 
a solid cyimdur of smaiier diameter, the liquid mass becomes constricted iu the 
direction of the axis, the meridian curvatures augment, and the figure approzi* 
nates more and more to the sphere ; thus, for instance, when for a mass of oil 
constituting primarily a sj^eve fi mUUmeties in diameter, we takei as solid cyUik- , 
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ikr, 8D froii irire 2 ndDhneties in lidclaiesi, the maM ftSBuxnes almoBt exadsly 
the spherical fbrm, and, if we nae a ywy fine wire, Ae variance from the sphent 
cal form becomes wholly imperceptible.'' And inasmuch as the complete fi^riT© 
varies in this manner in all its parts, the dilatations and constrictions will be 
more and more decided, and, at the final limit, the figure will consist of a buo* 
eeeeion of equal spheres, tangents to one another on the axis. 

The comply nndnloid mav, therefore, vary in form between two very wide 
liiiiits, being, on the one hano, the cylinder, and, on the other, a auceeBBion of 
' «qnaiaplMraB wUditoaeh one another on the axk. In Eig. 10 aieiepfeBented 





two unduloids, one of which differs little from the cylinder, and the other ap- 
proximates to a aerieeof spheres. In these different aspects the figure of eqid- 
Hbrinm with whieh we are oconpied has, as we see, an' analogy wi& the encces- 
sive phases of the tnasfimnation of an Indefinite liquid cylinder (Fig. 30 of ad 

series.) 

§ 9. But the nndnloid is susceptible of another kind of variation, which 
gives a third UmiL Let us suppoBe a vase similar to that we have been using^ 
M ni dimensions much greater ; let us place therein horiaontally, immersed in 
tiie alcoholic liquid, a soud qylinder 2 centimetres in diameter, for instance^ and 

of considerable length, supported on feet sufficiently elevated. Wc cause to 
adhere to this cylinder a mass of oil which shall prodncp a portion of an undu- 
loid bimilar to that of i'ig. 6, and then add a new quantity of oil; the figure 
will now increase in lengdi and at the same time in thicknees ; but let us push 
it slightly on one aide, so that one of its cxtrendties shall be brought back to 
the same place as at first, and the other only remain extended. If we add 
Bucopi^sively new quantities of oil, still pr> nsing back the first r xtremity of the 
figure to the same place, this figure will pro-tTssively acquire greater thickness, 
and its second extremity will retire more aud more ; an^ as we may conceive 
the vessel as large ana lihe cylinder as long as we please, there is nothing 
which prescribes a term to the theoretical possibility of the increase of iho 
figure in thickness as well as length. If, then, we suppose this incresme carried 
to infinity, the summit of the convex meridian arc aud the second extremity of 
the figure wiii exist no longer, so that the meridian line, beginning with the 
first extremity, will continue to retire iudefiuitely from the axis ; aud since the 
extremity last mentioned constitates the neck feerde de gorge) of/S constricted 
]^rtion, and since, on both sides of such' a constriction, everything is perfectly 
symmetrical, (§ 6,) we perceive that the complnto meridian line will be reduced 
to a simple curve with two infinite branches, like the parabola, having its axis 
of symmetry perpendicular to the axis of revolution ; consequently the com- 
plete figure generated will ittdf be reduced to a sinele constriction, extending 
indefinitely from one part to the other of its eerde ae gorge. We sliall pr^ 
Bctitly learn, in a preraSO manner, the nature of this third limit of the unduloid. 

§ in. L(.'t us return, now, to the f"'m])l<'>ymont of two disks for the realization 
of tilt- portion of imduloid comprised bot^v eon the middle points of two neighbor- 
ing couiitrictions, (§ 6.) When we attempt this realization by attaching to the 
two disks a greater mass of oil than should constitnte the figure, and then 
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gradually absorb ibe mmm by means ^ Ibe small syrings^^ ihe operation pro> 
eeedi without difficulty so long as the elements of the mcttidiaa line whieh ter- 
minate at the edges of the disks deviate considerably from poralleliBm with 

the axis ; bat when they approximate to this pnralleliam, or, in other words^ 
when we approach the portion of the iinduloid which we wish to obtain, it is 
necessary to operate with greater precaution, ad the figure might otherwise 
dumge spontaneomshr and &iinite. By eondnoting the operatkm with carer 
md, towards the enctTemoring the oil only in very small quantities, w(^ arrive, 
as far as the eye can judge, at the desired portion of the unduloid, (I^^ig 7,) a 
portion which varies in form by approaching or withdrawing from the cylinder, 
according as the diameter of the disks is greater or smaller relatively to their 
distance ; but then the slightest cause, such as a minute movement communi- 
cated to the mass by the point of the 8yrtnge» is snffieieait to prodnee the 
gradual alteration and destruction of the figure, which is seen to grow progress 
sively thimor near one of the disks, the oil being transferred in greater quantity 
to the nido of the other disk, and the mass finally separates into two p irts. 
l^rom the fact that, in the iigure obtained as above, an alteration, occasioned by 
the most trifling caose, proceeds afterwards epontaneonsly* it wonld seem that 
the portion of unduloid comprised between the middle of one oonstrieted por- 
tion and that of t!io noxt h at the limit of stability. 

We sec, from what has just been said, why, in § 4, the adoption of a cvlin- 
der as a solid system was recommended. With disks, there is need oi the 
greatest drcnmspection and care to arrive at the point where the last elements 
of the meridian line are or appear parallel to the axis } while with the cylinder 
the iigure is perfiac^y stable, and the required parallelism is established of 
itself. But it remains to be explained how the stability of th( fi;rure can de- 
pend on the two circumferences along which tIk- superficial stratum of the mass 
touches the cylinder, (§ 5.) This is easily done : in the case of the disks, 
when it happens, as has been said* that the figure grows thin ^ntaneonsly on 
one side, the dements of the superficial stratom which terminate at the edge 
of the disk near which this effect takes place are inclined towards the axis, 
(Fig. 11 ;) but, in the ca=e of tho cylinder, the last elements of the onperficial 
Stratum cannot be thus inclined, since they lie on the surface of the solid. 




This explanation naturally suggests the idea of substituting for thin disks 
thick ones, or, rather, portions of a cylinder ; for, by giving to the mass, at first, 
a sufficient Tolnme fbr the oil to teim. the edges or the &ces of these thick 
dislLS opposite to those which fkont one another, and then removing so much of 
the liquid that the circumferences of contact phall fall on the thickness of the 
di^ks, the cause of stability, above indicated, wdl evidently exist just as well 
as with a couiinuous cylinder. Now, this is fully confirmed by experiment; 
the disks whidi I used had each a diameter of 15 millimetres and a thickness 
ot 8, and were fixed at a distance of 90 millimetres apart ; the wtire system is 
represented at Fig. 12. By causing to adhere to the whole a mass of oil, at 
first too great, then removing the excess, and lightly pressing the mass to right 
or left with the point of the syringe, so that the points from which the meridian 
line aDj[»eared to depart were nearly at an equal distance from the two bases of 
eadi oisk, the fignie produced evinced a perfect stability ; it is practicable, by 



Digitized by Google 



d48 . nooBia of equxubriuii op ▲ uquid mass • 



©ontmiiing to absorb small quantitieq of oil, to "bring the extremities of the 
mcridiau line very near the edges of the Bolid bases fronting one another with- 
out a lo6d of stability iu the iigure, aud only when thay geemed to reach those 
«dget WM Instdbility maiifeitM. 

§ 11. Since the portioii of imdnloid with which we are occupied lias alrea^ 
reached the limit of stability when it is formed between two thin disks, find is 
thus free in ita whole extent with the exception alone of its bascB, it would be 
nsele»a to seek to realize a portion of unduloid equally &ee which should extend 
•a botk aides beyond titna oentoea of two conatrietioii8,^and henee we infer liha* 
the indefioite modnloid ii» like tlie iadefinite cylinder, an unstable figure of 
equilibrium. An experiment, however, of our 2d series, affords incidentally 
«n unfluloifi which is prolonged beyond the centres of two CQllBtzicdoil0» bat 
vei'y (liisi- to the cylinder; to this we shall return hereatter. 

§ it id now eas^ to see that the convex hgarea spoken of in § 38 of our 
9d aerieat wbile descnbing the formatioii of the liquid cylinder, fignres which 
tie ohtMiied when, a&er having attached a spheie of oil to two horizontal eolid 
rings equal in diameter and placed one above the other, we raise the upper 
ring by a leas quantity than that which gives to the masa the cylindrical form- 
that these iigures, I say, are nothing eibo but portions of the dilatations of the 
iinduloid; only, when these convex figures are produced by die process ju^t 
xeeaUed, they eie so placed that their axia la TorUcaL* 

Let us conceive* in effect, an undolold realised by means of two thick diska, 
(§ }0 ) and consequently in a sfntp of stable equilibrium, and imagine that we 
place at equal distances to the right and left of the middle of this figure, be- 
tween that middle mid the thick disks, two vertical solid rings, having their 
eentna on the azia and their exterior eivenmfbrence piedaely at the anifaee of 
tie maaa; it is clear that these rings will not dc^Btioy the equilibrinm of the 
figure. Now, if we suppose that the parts of the figure situated beyond these 
rings are replaced by convex spherical caps resting on the latter, and whose 
curvature is such that it occasions a pressure equal to that which pertains to 
the rest of the figure, equilibrium will still evidently exist, and it will still be 
peifeetly stable^ biaee the distance of the rings is feaa than that which cozre> 
aponds to the limit of stability. But, then, if the rings are not sofficiently 
separated for the portion of the meridian line which extends from one to the 
other to contain points of inflection, it is evident that the whole will constitute 
one of the convex figures iu question ; for, according to the different fornix of 
the ondnloid, the niCTidian line of the portion compx&ed between the rings may 
vary from an arc of a circle, with its centre on the asda* to a atraight line, as 
in these convex figures. For these last not to be portions of an unduloid, it 
would be necessary that between the same rings, placed at the same distance 
from one another, and with an equal mass oi oil, there should be two figures 
of equilibrium possible, both of them stable, which experiment contradicts. If, 
after hanng tranafonned a sphere of oil into one of the conTOX figoree in qm- 
tion, whether by increasing me separation of the rings or faj anbtracting a cei^ 
tain quantity of the liquid, we agitate the alcoholic mixture so as to give con- 
siderable motion to the mass of oil, but still not enough to disunite it, and tliea 
allow it to return to a state of rest, it will always resume identically the same 
Ibrnia 

In the experiments of §§ 44 and 45 of the Sd series, when the rings or didoi 
were placed at a distance of four times their diameter, and the liquid mass coior 

prised between them was sufficient for the stability of the figure, this figure 
evidently constituted part of an unduloid ; bnt as, by the abstraction of oil, we 
afterwardii arrived, through a very smaii dmunution of the uuu^s, at its B|»out»> 
neons destmction, it follows that the poition of undaloid in qoeation was but 
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little removed from iU limit of Btabilitj, «'md that heuce its meridian line coa* 
tabled very probably points of inflectioii. 

In desenbing the experiments of § 65 of tbe same series, expcrimentB which 
commonce "vritn the momcntnry rnalizition of a cylintler a little tmnf^crTifling 
the limit of gtability, it was said that the spontancona alteration of tlii.-* cylin- 
der was sometimes manifested by the formation of two constricted poruons 
comprising between them one dilated portion; that this state of the figure, 
after attainmg no very decided development, appeared to femaiii stationary fn 
BOme time ; that then one of the constricted portions was slowly obliterated 
while the other deepened, and the transformation coTitinucd .nftcrwards in the 
ordinary manner. Now, from the fact that this tigure, with tw6 contracliou^, 
penists for a considerable time, it must be inferred that it constitutes a figure 
<tf aqnilibrhinu and eonsequently an ondtiloid little dHRMmil finm the cylinder 
and surpassing the limit of stability — that is, extending itself beyond the cen- 
tres of the two constricted portions. In effect, i?ince such an nnclnloid, al- 
though unstable, is a figure of equilibrinTn equally with the unstable cylinder, 
it may likewise be formed, for some moments, between the disks, and it may 
be conceived that a slight accidental cause would suffiee to transform the mass 
from one of these flgores into the other. We see, ihially, that, in the expetl- 
ments of § 10 of the present seriaSy tite fiqnid mass thus always constitutes a 
portion of an unduloid which becomes moaified, without ceasing to pertain to 
this kind of figure, in proportion as we absorb the excess of oil. 

§ 13. The transient unduloid, spoken of above, v^ifies the conclusions of ) 6 
lelatlve to the iwrsnit of the meridian line b^ond points of the ooneaTe parts 
where the etennnts become parallel to Ihe axis. Unfortunately this unduloid 
is not produced at will ; its meridian curvatures are weak, and it is otherwise 
nnetable ; but another experiment, to which allusion has been made withoat 
describing its results, furnishes a precise verification of the same conclusions. 

If, after having formed between two rings a vertical cylinder whose height is 
much less than that which would correspond to the HnH of stability, we 
slightly raise the upper ring, the cylinder is observed to heeooe somewhat 
bollov.'or! in the menVnm direction, so that the figure presents a canstriction ; 
if the ring be again raised, the constriction still deepens and the figure remains 
perfectly symmetrical on both sides of the cercle de gorge^ which is, conse- 
qoently, situated at the middle of the interval between the rings. If, in the 
cylinder with ivhich we started, the ratio betweoi the hei^ and diameter was 
Btittabl^ we may* by proceeding thus, render the constriction very decided, and 
then the meridian line changes the direction of its curvature by tending towards 
the rings, so that it presents two points of inflection at an eqnal distance on 
both sides of the cercle de gorge; the bases of the figure, also, preserve their 
convex ibim, and even thenr cnrvatnze ineieases more or less. In this expert* 
ment there is always, we may ooneeiv^ a Hmit to the sepavatiini of the rings* 
beyond which equilibrium is no longer possible ; if we overpass it, the eon- 
Btricted portion jrowa spontantioualj more slender, till it breaks and the figure 
separates into two portions ; but, lor every degree of distance less than the 
limit in Question, the equilibrium is stable, The cylinder which has appeared 
to give the above rssolts most distinctly, is that whose height is to the uameter 
nearly in the ratio of 5 to 7. In employhig, for instance, rings of 70 millime- 
trfs in diameter, it i<? proper to form a cylinder of about 60 Tnillimotrfs in 
heiirlit ; the upper ring may then 1)C raiapd until it is distant from tlic other 
nearly 110 millimetres, and we thus obtain a figure in which the cercle de gorge 
has Imt a diameter of some 30 mflBmetres. 

The experiment thns executed reqnires great p r ecauti on : the equality in the 
densities of the two liquids and the nomogeneity of the oil shotdd be pei^ai^ 
and when the limit of separation of the rings is approachprl, it is necessary to 
proceed with much dxcamspection. But we ffocceed without difisidty by so 
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•mog^g that the azia of revolution shall be horizontal ; the rings of 70 milli- 
metres, which are then vertical, should be previously placed at a distance of 
110 millimc'trea apart j each of them is attached, by its lower part, to a vertical 
iron wire, and the wires are themselves fixed, at their lower extremities, in a 
plane table of iron, whicli supports the whole system ; finally, these wires are 
enveloped with eotton, that me oil maj not adhere to ihem, (Sd aeries, f 9.) 
A cylinder (Fig. 13) is first fomied between the two rings, then we gradually 
diminish the volume of the mass by means of the small syringe. If, Avhen the 
neck is not more than about 30 millimetres in diameter, we take care to remove 
the oil by only very small portions at a time, we shall succeed in reducing it 
to S7 mfnimeM, and thna obtain the reeolt repieaented by Fig. 14. 

Now, it is evident that all theae oonatrieted figoiea wiih convex bases — ^figmee 
which, like those considered in preceding paragraphs, may deviate as little from 
the cylinder as we choose — are still portions of unduloid, though taken differ- 
ently in the indefinite unduloid: while the middle of the one is occupied by 
the equator of a dilated portion, the middle of the others is occupied by tlie 
cerde de gorge of a eonatrieted portion; the most extended of the fonner, 
exeipt the tnmaient unduloid mentioned above, is composed of an entire dilata- 
tion between two demi-constrictions, (Figs. 6 and 7,) and that represented by 
Fig. 14 is composed of an entire conatrictioii between portions of two dilata* 
tious. 




I 14 Beaoming, now, o«r hoairatal rings, with a view of placing, at wiU, * 

the upper one nearer to or further from the other, let us again fbim a cylinder 

between them, and, without changing their distance, gradually remove oil from 
the mass. If the ratio of the distance of the rings to their diameter is much 
less than in the last experiment of the preceding paragraph, the curvature of 
Ae bases, instead of augmenting in proportion aa the oonatiietion deepena, con- 
tinues, on the contrary, to diminish ; and if this ratio does not ezceea about %, 
the bases at length become absolutely plane. With a ratio still less, we may 
even proceed further ; if the absorption of liquid is continued the bases become 
concave. Let us foim, for instance, between our rings of 70 millimetres diame- 
ter, a cy Under 35 millimetres in height, (Fig. 17;) by gradual absorption of 
the oil, we shall see the bases rink more and more at the same time that the 
constriction grows deeper, and, their curvature at length wholly vanishing, we 
shall have the result represented by Fig. 18. If we still continued to use the 
syringe, the bases would assume a concave curvature ; but let ua pause, for 
the moment, while they are yet plane. 




With such bases, the constriction comprised between the rings can no longer 
(§ 7) pertain to the unduloid, and we arrive, consequently, at a new figure of 
tmrm&on. Let us inquire what this is, in its complete state. We remember 
(8d aeriea* §-4} that the pfeaniia eocresponding to an elament of the wajgaSM 
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Btratom had for itoyaloe Cs"^^^' ^ expressioa in which A is a con- 

stanl dependflnt on the nature of the liquid and which cannot be null, and P the 

pressure correpportding to a pline f'urface. Now, in tlio c;i<5r with which we 
are occupied, the pressure at auy point of the complete tio^are must be equal to 
that of a plaae surface, eince the bases of our partial figure are planes ; the 
ahoiTe ezpteeeion then wilt, in ease, be reaneed to P, 8o that we have 
1 1 

^-f — =0. ThuA the figure in questioii la such tliat at each point of its sur- 

fitce the mean curvature (Sd serieB, 5 and 6) is null, or. In other terms* at 

each of the^e points there are, as in thf^ portion formed between onr ring;', con- 
cave eurvatured whose effect exactly destroys that of the convex ciirvatures, so 
that the pressure remains the same as if there had beuu no curvature. 

Newi the efoatioD ^ + ,^7=0 becoming here^ aeoording to the notation which 

we have adopted for figores of revolution* ^ d^*>oe there&om 

Has — N; wbenoe we see that* at each point of the anridiaa line, the vadint 
of enrvatnre is equal and opposed to the popendienlar. Kow» geometers have 
demonstrated that the only curve which possesses this property is the catom, 

(chainetfe.)* This, then, is so placed relatively to the axis to. which the per- 
pendiculars are referred, that the right line, which divides it symmetrically into 
two equal parts, sball be perpendienlar to that asfs, and the sununit of the 
curve distant from the point of mtersection of tfaoee two right Unes by a quanp 
tity equal to the radius of curvature of that summit. Our figure, then, in its 
complete state, is that which would be generated by the revolution of a catena 
thus placed in relation to the axis. W© will, accordingly, give it the name of 
catenoid, of which Fig. 19 represents a meridiaa section sufficiently extended, 
the axis of revolution being iZf, 

TUb eatena being a curve, whose branches are infinite, the catenold also ia 
extended to infinity, lilie the cylinder and the undubid» but no longer In the 
direction onlv of the axis. 

§ 15. We recall iiere a principle which was cursorily noticed in § 8 of the 
8d series, and of wltieh we afterwards made use in § 31 of the same series : 
when a surface satisfies the general condition of eqnilifarium of our liquid 
figures, that condition is equally fulfilled whether we suppose the liquid on one 
or the other side of the siirftoe m riw^^thm. In effect, the inversion of the posi- 
tion of the Tujuid, with regard to the surikcc, only changes the signs of the two 
priacipal radii of curvature corresponding to each of the points of the latter, 
but evidently does not at aU alter the abeolute values of those radii, so that if 

the quantity =--^— is constant in one of the cases, it will bo so in the other* 

There are always, then, for any one surface which satisfies the condition of 

equilibrium, t';\'-a liquid figt|pes, the second of which presents in concave what 
the other presents m relief, and, vice versa, figures which are both figures of 
equilibrium. We see this realized, for instance, in our experiments as regards 
the Bpheie; a maea oi oil left fiee to itsdf hi the midst of the aleoholie mix- 
ture gives a sphere in reli6f» and* on the other hand, when some of the aleoholie 
mixture is introduced into one of our masses of oil, the surfaces into which the 
bubbles of this mixture are moulded constitute spheres of oil in concave, (2d 
series, § 10.) In virtue of this principle we have two catenuids ; that, namely. 
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of Fig. 10, in wliicli tlie liquid fills tlic ppace left by the cfitena in revolving 
between itself aod the axis, ;iik1 another in which the liquid occupies the space 
embraced bj the curve. A meridiaa aectioa of the latter ia represented b^ 
Tig. 20. 

§ 16. In the experimeiii of § 14 we onlj succeed, as Bas Been udd, hi tea* 
dering the bases uf the figure plane when the separation of the rings does not 
exceed about § of their tlianicter, "We t^hall recur, further on, to the detail- of 
this experiment, which presents some curious particulai^ ; but there is an im- 
portant conseqaence which, is deduced immediately from it, and which req^uires 
oar notice at present; ibr rings of a ^ven diameter there Is a mazmram of 
separation beyond which no portion of a catenoid is any longer powUde be- 
tween them. We shall proceed to show that this result is in accordance widi 
the theory, and we shall, at the same time, br cnnflncted to a new result. 

We have seen that the generating catena eliould satiniy the condition that 
the radius of curvature of its summit be equal and oppobite to the right line 
which neasuces the distance of that tonimit from the axis of revolotion. This 
being so, let as c<mceiTe» in a meridian plane, a right line perpendicular to the 
tix'v-i of revohition, and representing the axis of symmetry of the catf^rja, and 
again a second right line parallel to the axis of revolution and distant trom the 
latter by a quantity equal to the radius of the rings. Let us conceive, fnrthei^ 
in the same plane, a generating catena haTing its snnimit at the point where 
tlie r^iht Bne of the rings is intersected by die aidt of symmetry of which we 
have spoken. This catena will be tangent at that point to the right line in 
question, and consequently cannot rest upon the rings except when the peri- 
pheries of these pass hy the point of tangcnce, or, in other words, when the 
mutUcd distance of thu two rings shaU be null the catena under consideration 
eorresponds then to the case of a separation nnll of the tings. Lot ns- now 
suppose Aat the curve qutts this position and proceeds gradually towards the 
axis of revolution, beinj^ so innrlifird as alwav? to satisfy the condition of 
equality between the radius of curvature of its summit and the distance of that 
summit irom the axis ; in each of its new positions it will cat the ridht line of 
the rings at two points, whieh we will designate as A and B. ^e oistance of 
these two points will then represent^ in each of these poflitiiAis, the distaoee 
apart of the rings, and the corresponding catena wiH represent the meridian 
line of a catenoid, of which the rings would comprise a portifm between them. 
This being premised, let us consider the evolutions of the points A and B. In 
the initial position of the catena, when its summit is tangent to the right line 
of the rin^s, these points aie coafbimded at the point of tangenee; but whm 
the savunit of the curve begins to advance towards the axis of revolution, they 
separate and progressively remove from one another. But their mutual dis- 
tance will attain a maximum, after which that distance will ( ontinno to diminish. 
In eflfect, conformably with the condition attached to the catena, when its mim- 
mit shall have arrived Tery near the axis of revolution, the radius of curvature 
of that summit will have oecome ywy small ; whence it Mows that tihe two 
branches of the curve will closely approach one another, and that, conse- 
quently, the two points A and B will also be in clorfe proximity ; finally, when 
the summit is on the axis, these same points will be again reunited, as then the 
radius of curvature of the summit will be null, and tlie two branches of the 
curve win ton but a sioffle right line eoinddent wiHi the acsje ef symme^. 
Thvs the pdnts A and 6, irmek were flnt coincident and then diverged frset 
one another, afterwards approach, until at last they again coincide ; from whiill 
it necessarily follows, as just stated, that their mutual distance attains a maxi- 
mum ; and it is easy to see, from the nature of the curve, that this maximum 



* For umpiiciiy, we here consider the two zings as poaaessing no UuckneM. 
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must be finite^ and iiubsed caoaot be oonsiderabla idaiMy to dhmetv of 

the rings.* 

It is evident tliat, in its transit to the axis of revolutian, the cnrvp has passed 
through all the conditions which, with the given rings, .are coosij^Lent with 
equilibrium; the above niaxiinum, liicu, constitutes a limit of separation for the 
xtoga, beyond whiob than can be no catenoid between them. 

But the proceding fonuaheB another eonaeqaeuce equally remarkable. Since, 
during the transit of the summit of the catena, the points A and B first with- 
draw from and afterwards again approach one another, they necessarily repass 
by the aame distances, so that, for each distance loss than the limit, they per- 
tain at once to two catene. Near, it reiuilts from this that, to every degree of 
separation less than the mayiBMun, there alwaya Qorrespond tiro distinct eate* 
noids resting on these rings, bat penetrating uneqoally between them. We aee 
without diiHculty that the summits of the two generating catenas, summit? 
which, for a separation null, are the one at the common periphery of tlu^ rinp'^ 
iu couLact, and the other on the axis of revolution, approach one auoilier mure 
and matt in proportion aa the aeparation increaaeBy ana imall/ eoincide, equally 
with the two entire curves, when that separation attains its maximum. Thus 
the two eatenoids will differ so much the less as the separation of the lings is 
greater, and when the limit h.iR been reached will form but one. 

§ 17. All catenae are, we know, alike; and hence if we imagine a series of 
complete catenoUs generated by catenae ot different dimensions, all these catenae, 
from the eonditiMi which Hmj noat satisfy, (§ 14,) wfll be almUarly placed ta 
relation to the axis of . Mfolntioii, and consequendy all the eatenoids will be 
similar fip'iiref?. The complete catenoid, then, is not susceptible of variations 
of form like the unduloid, but constitutes an unique figure, like the sphere and 
the cyliader. Hence the two complete eatenoids which, theoretically, rest on 
Ibe aaBM irngs, mhm dm safiaration of these fa below the limit, do not dUfer 
fum one another moept hj their dimensions absolntely ^homologous. 

4 18. Of ^e two partitfl eatenoids pertaining to those two complete eatenoids, 
and equally possible by the theory between the rings, our process necessarily 
gl\ » -s that which is least re-entering ; if we attempt, by removing further 
quantities of oil from the mass, to realize the most deeply re-entering catenoid, 
ttamnia alwaya, aa wa shall pceseaftly see, another figare of eqnilibrinm pro- 
dtail. From the impoasibimy, therefore, of realizing this partial and most 
deeply re-entering catenoid, wo may jmtly eondnde that it would eonstitnto an 
«n8tab1e fis^nre of equilibrium. 

As to that which is least re-entering, it evidently forms a portion of the com- 
jalete catenoid, so much the more extended as the separation of the rings is 
nearer its maximmn; fiv* In propor^on as die rings are more widely separated, 
Ae are df the catena which tney intercept between them is (§ 16) a more eon- 
siderable portion of the curve. In order to have a partial catenoid more ex* 
tended iu relation to the complete catenoid, it would be necessary that the 
catena should penetrate more deeply between the rings; but then, by however 
amall a ^pantity the summit of the enm shovld advance, the separation of the 
nnga wanld diminish, (ibid.,) theve woold be another catena possible, less re- 
entering and resting on the same rings, and the partial catenoid generated by 
the first catena being the raost re-eaterin^:, it would be unstable. The catenoid 
of greatest height constitutes, then, the most extended portion of the complete 
catenoid which can be realised between two equal rings. 
. We villaaiiae haia anaihec aoaseqiieiioe to which we above would seem to 
laadpttid wfaidi would y«t ha affttaed to fact; for every dagroe of separation 



* Wo can detenaiiie its precise value by means of tlie equation of generating catena), but 
this calcalat ton is rnseryea for the scries in which we shalL uAtto all (he appiiCMtionsof mathe- 
matical analysis with the subject of our researches. 

23 8 ^ 
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less than the maximum, the -catenoid which is least re-entering always proves 
perfectiij stable, aiid» mm hMM been shown abow, that wbich is most re-entering 
must be regarded as always unstable. Now, the eatenoid of greatest height 
■forms, as has also been seen, the transition between the catcnoids of the first 
category and those of the second, and conseqncntly between stable and un- 
stable calenoitlif ; we might, therefore, take it tor granted that tlic catenoid of 
greatest height is at the limit of stability of that kind of figure ; and yet, when 
we realise it with a mass, of oil, it monifi^ts a decided instability. We sludi 
presently know tn what this apparent contradiction is attributable. 

§ 19. It is readily Pcen that the third limit of the variations' of the unrliilnid, 
a limit spoken of in § 9, is nothing else but the catenoid. In f^ffect, by causing 
the partial unduloid to vary in the manner indurated in that paragraph, it is 
dear that, in prop<atioii as the tolnme of the mass is inerassed, m perpen- 
dieolar siid tro radios of oamture rdaitive to the snmn^ of the eonvez meri* 
dian are ooDltniie to ineresse and beeome iuliiiile at the same tlmd with the 

volume; whence it follows that at that limit the quantity r^-f null, and Ih&B 

M xJ • 

we know to be the character of the catenoid. 

11 11 
The quantity — 4'^or,wiuitisl]i0SaiDeihiiigv— +^,, tending Unis toWsxAi 

zero iu propurtion aa the uoduloid approaches the catenoid, the general ex- 
pression (§ 14) of the pressure eierted by an ekmenft of the B«perfiSal.stBBSiitt 
shows that this presBuie tends, at the same time, towards that of a pUme 8n»- 

face. If, then, we imagine between two rings a constricted portion pertaining 
to mi Ttnduloid, and that this unduloid is tending, by de2;rees, towarda a cate- 
noid, the bases of the figure, bases whose pressure mui?i, always be equal to 
thaX of the constricted portion, will neceiisarily become less aud less convex, 
and be finally altogether plane. Now, this is what is evidently resiiied hy the 
experiment of § 14 ; when, after having formed hetl^een two rings a cylinder 
whope height does not exceed § of the diameter, we gradually withdraw liquid 
from it and the hmes sink, by degrees, till they lose all curvature, the constrio- 
tion which is produced aud which deepens in the same proportion pertains to 
an nndnloid wnich is tending towards its third limit, ana thns the experinbHii 
In qnestbn exhibits before onr eyes the progressive transitkm of the nndnkid 
into the eateuoid. If we collate the preceding with the contents of | ISk v» 
shall be authorized to <1 fluce the conclnsion that every con°tn>h'on, resting on 
two rin?" and presenting convex bases, is a constriction ot an unduloid, whether 
the curvature of the bases bo superior, equal or inferior, to that of the basea of 
the cylindtt which would he comprised between the same riag& 

§ 20. We will relate, now, the circumstances which have been j^reaented ts 
us by the experimental investigation of the partial catenoid of greatest height. 

The diameter of the r'm^,^ employed was 71 millimetres. In all the experi- 
ments which follow, the process commenced with forming a cylinder, and liieo 
oil was withdrawn from the mass, at iirsl by the syriugei'ul aud afterwards by 
sntaU portions $ fkom time to time the operation was snspeoded in osder ts 
ohserTe the figure. 

First experiment. — Distance of the rings 55 millimetres. The versed sine 
of the spherical caps, which constitute the bases, is gradually reduced to a frac- 
tion of a millimetre ; then, duriug au interruption of the exhaustion, a singular 
phenomenon is produced ; the fixture undergoes a slight spontaneous xnodifica- 
t&m$ the convexity of the bases rapidly augments nntil the wsed rine re- 
trieves a value of about millimetres, and consequently the constrictioii 
formerl between the rings becomes somewhat thinner, and thou the whole re- 
maius stationary. By stiU cautiously absorbing oil, the versed sine increases 
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to nearly 3 mniim^trea ; finally, in conseqiK^ncc of a new absorption, the figm ' 
dic'nnite.s iu the usual maunt.'r at the middle of the constricted portion. 

Second experimenL — Distance of the rings 49 millimetrea. The bases pre- 
anitt in the end, a total loee of oorvatore, and then, as above, there is a sponta^ 
neons translbrmation : the bases again become slighily conveZf with a yeised 
■ine of about i millimetre. A new abjiorption brings on disunion. 

Third exprri^nent. — Distance of the ringa 47 millimetres. The bases again 
appear to become plane, and the figt^re continues in this state. Further absorp- 
tions seem, at first, to have no other effect than to deepen the constricted portion, 
while the bases BtiU appear plane; then a slight eonvezity is re-estaollshed, 
but not now spontaneously ; it originates and increases in correspondence with 
tbo exhauslioni when the Tcncd sine is aboiU 1.6 milltmefcre, disunion takes 
place. 

Fi^wUi experime)^t.--'lL)i6iHiAi:e of the tings 4o miiiimetres. The bases be- 
mna» fiiat ilana, then slightly eoaoatve. The rersed sine of thb eoncaTitj 
jnereases nearfy to 2 millimetres, and agahn a spontaneoaa transfiirmation is 

observed ; the concavity is changed into a convexity, whose versed sine is 
nearly a millimetre Tlie action of the Byringe then occasions disunion. 

jP*/?A experime/U.-—Uii<limce ol the riuga 43 millimetres. The baa(?8 are ren- 
dered plane, then concave, and the vers^ sine of the concavity gradually at- 
tains 4 or 5 miiiimetres; the fienre then disunites. 

f Sl» IiSk Qs consider what these experiments teach ; first remarking that it 
i« not pfi^y to judge of ihe precise point at which the bases of the figures are 
rendered plane, for an exceedingly slight curvature dudes the sight. Hence 
arises some uncertainty in the determination of the lunit of height of the cato- 
Mfd; fbrtunately the particnlm which we hare nodeed will ftaniish ns a means 
of appreciation more exaet 

In the fonrth experiment we necessarily realize plane bases, from the dxeamr 
startc^^ that the curvature, from being convex, becomes gradually concave by 
thti piogrt >ivp nhRorption of the liquid; but is this the case likewise in the 
second and third, lu which we seemed also to have realized planes? This 
is a point whieh we will attempt to ehtddate. The first, seeond, and thud es« 
periments have this in common, that a small spontaneous modification or tranfr- 
formation of the figure is produced therein, while in the third this phenomenon 
does not occur; and this modification m observed decreasinpf from the first to 
the second, disappearing iu the third, and reappearing in the fourth. From thia 
we should infer that the third experiment forms a sort of transition, on one and 
other side of wbieh the spontaneous transibrmations ave manifested ; hut 
iSkb aflCbet was shown in the first experiment when the bases had still a visible 
curvature, and in the fourth when they had assumed one in an inverse direc- 
tion; it is highly probable, then, that in the second, at the moment when the 
spontaneous transformation was seen to occur, the bases stiil preserved a real 
ewatore, though too fteble to be distinguished; and that it was only in the third, 
wtae the dbtance of the rings was 47 millunetreB, that bases entirely plane 
were attained. If, in this third experiment, the bases conceived to be plane 
seemed not to begin to lo^e this state until after tlip absorption of a very con- 
siderable qnantity of liquid, that evidently results trom the difficulty mentioned 
al>ove of clearly distingnishing the point at which the curvature is annulled. 

Tbosy ftr our lin^ of 71 miiiimetres diameter, we magr adndt that the die- 
tanoa ef 47 mfllhBetiae differs very little from that at which we hsgin to obtain 
hmm itilctijphnai and afaiee 47 is obdously f of 71» we tatj eonelode that 
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the maximum b^-ight of tlie partial fat'^noir! i«, oither fxartly nr v(»ry aeftrlyv'f 
of the diamet^ of the bases. - l liis cateuoid is represented by Fig. 21. 




Let w now call aK a atl on to the slight gpoatunottf trisilbnMktioas, oonaUterad 
Id dMWMl'vw. Till now, when we saw cue of ear liqiid figures become tBaatf 

formed, and thns pass from an unstable to a stable equilibrium, the alteratiia 
was profounrl, \he mf\r'«' separated into two or Boreral part**, and the final r^^^nlt 
of the phenomenon always consisted of spheres or portions of Bpliere^. iiere, 
there is nothing of Uie kind: the altcratiou la, inconsiderable; thu mass does not 
4Hitiiiite» nod ve final xeenlt Is k figure whiek dendstaB little fitom the fonneiv 
at least in the portion realised, end which may be of the game nibire. la the 
firBt experiment, for example, an unstable partial nnduloid ia transformed into 
another unduloid but little different, and doubtlct^s the same is the ca^e in the 
second. Moreover, what is still more i^emarkable, the comparison of the &r&t, 
two ezperiaients seems to indicate that the unstable miMold and <lbe stable 
qndnlow into wbioli it is 6<»iTeited approach one noliier indefinitely in pi»* 
portion ae the distance of the rings is nearer the mazimaa kei^t ef the eato- 
lioid. 

The experiments which we are discussing famish the key of the difficulty 
indicated at the end of § 18 in regard to the stability of the partial cateuoid of 
groateet height. When, the rings being at the distanoe wlueh eorNapoafis «e 
thu catenoid and a cylinder fbrmed between them, the small syringe is put in 
operation, the figure becomes, as we know, unduloid, which, varying with the 
progress of the nhflorption, tends towards the catenoid ; but the idbird experi- 
ment further ^^iiows that if, after having attained tliat iimit, wo continue the ope- 
ratiou, the llgure again insensibly becomes an unduloid which deviates, ia pro- 
portion to tlieezlianstion,fiFom this saoMeatenoid. Aen* ^.partial eatsnold 
of greatest height constitutes the transitioB between partial catenoids stable and 
partial catenoids unstable, it constitutes, on the other hand, the transition be- 
tween a continuous series of stable unduloids and another contmuous scries of 
unduloids equally stable. Such is evidently the reason of the decided stability 
ef the partial catenoid of greatest height ; henee, when, by means wfaieh wiM 
be ezpniMd In a ssbseqwant seriee, we midar impossible the fecsBaKiaii of cwsry 
other figure but the eaieneid, this hnes its staMlUl7 as ason as we give it the 
■iBximum height. 

We close here the Study of the unduloid and catenoid and pass to that of a 
diird figure. 

or this Ihiid figure wealieady knowapovtion: it is ibe eonstrietisa 

with concaye bases obtained in the last two cxperunents of § 20, a constriotien 
which, by the nature of those bases, is foreign to die unduloid and catenoid.' 
To realize it, it is requisite, as has been seen, that the distance of the ringe 
»iiould be less than § ot tlie diameter ; Fig. 22 represents, in its meridian sec- 
tiou, such a coostrictiou, for a distance of the rings e<^ual to about a third of the 
4laineter» and when the bases haye already become strongly ooBeave ; the dot* 
ted linee are seetlonB of the plsnee of the rings. Let ns now endeavor, aa in 
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tke case of like two pwoedtaig fifurai^ to detanuM tjbe miplflte fin <if the 

f^riJian line. 

We will meution first a remarkable trnn -formation which the partial figure 
nndergCHis wh^D the ratio between the distance and the diameter of the rings is 
sufficiently below } to allow the abstraction of a large quantitj of liquid witii- 
Qm% oooaiioaiag diB«Dioii» and we csixy this abatnetion as ikr as poeaibk. The 
constricted poition and the bases alike becomini; more ooncavei we know there 
TTTu^t an-ivf' ;i niomf^nf after which their Burfaces can no longer co-exist without 
mutually cutting our ;(n nhcr ; there is tlien produced a phenomenon of the name 
nature as with the liuuid polyhedrons, (2d series, §§ to 35) — that is to say, the 
figure passes gradually to a laminar state: two conical films are seen to fonai. 
proceeding respectively from each of the rings, and at the centre of the system 
a plane film, such as is shown in meridian section at Fig. 23. These films ac« 
quriug more and more developmfiit in proportion to the continued absorption 
of oil, the whole tends finally to be reduced to a sort of double laminar and 
truucated cone i but one of the films always breaks before we can reach that 
point It hence resuHs that if we wish to observe the constriction in aD its 
phases widi the fonn proper to it as pertaining to the new 6garo of equilibrium, 
It is necessary to oppose an obstacle to the generation of films. Now this is ac- 
comj)Ii8hed without difficulty by Bubstituting disks for rings, and thus prevent- 
ing the bases from becoming concave £ we may then remove oil until the figure 
spontaneously disunites at the middle of Its height 

. 1 28. Before pursuing the meridian line bejond the limits of the partial figtn^ 

we should offer two important remarks. 

Tu the first place, the constricted portion, whether realized between rin^ or 
disks, alwayd shows itself perfectly symmetrical on both sides of the cercle de 

forge. This is equally required by the theory, for the mode of rea£K)uing of 
6 Is independent of the nature of tine meridian linoi and applies as well to the 
Qonstricted portion with which we are occupied as to that of the unduloid. If, 
Aen, in a meridian plane, we imagine a right line perpendicular to the axis of 
rev ilut .on and passing by the centre of the cercle de gorge, all that the com- 
plete meridian line presents on one side of the above right line, it will aLjo pre- 
sent, m a manner exactly symmetrical, on the other bide, so that this right lino 
wiU constitute an axis of symmetry. 

In the second place, since, by employing rings, the bases of the partial figure 
arc concave, it follows that, through the whole extent of the complete figure 
the picsaure is less than that of a plane surfiice. HoW| agreeably to the formula 

11 

of such pressure, (f 14,) tills requires that the quaiiti^ Maoiding to 

11 

tiia notsiioii adopted in this series, ^+^t should be finite and negatiTe. la 



our new figure, therefore, the mean curvature (2d series, 5 and 6) isnegaiiv 
that is to say, at each point of this figaia eooeave anrvalnras predominate. 

I 24. The points a and (Fig. 22,) at which the partial mei i linn line stops, 
cannot, in the complete mpridian line, be points of inflexion. We see, in fact, 
from the direction of the tangent at those points, that if tlie meridian line, at 
its departture thence, pursued a curvature in the contrary direction, (Fig- Hi,) 
the radius of curvature wonld, in this part of the figure, be dirc«ted to uie in- 
terior of thellquid like the perpendicular, and that thus the quantity » + would 

heoome positive ; which cannot be, by reason of what has been sidd above* 

Beyond the points a and b, then, tlie meridian line begins with n coT^cave cur- 
vature ; and the same direction of curvature is evidently maintained, for the 
same nvison, so long as the curve continues to retire at once from the ^xis of 
revolution and the ax» of symmetij. Bat the curre cannot continue to sepa- 
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rilte toMiiite^ from diose two axes: m «ffiMt, Sf saeh .were ito enmtWt H is 
dear that the onrvatnre nnut diminieh eo as to be annulled, in each of the two 

hranclies, at the point sitnated at infinity, wlience at that point the radius of 
eurvature would have an ioiiiute value; and as it would evideiitlj be the aame 

$» regaidB ihe perpendicidar* the qnantitj + ^ would become null at that Umit. 

It necessarily follows that at a Unite distance from its suluiuIl Liio curve has two 
points in which its demefiti are paraOel to the axis of symmetvyr and tbia ex- 
periment confiimB, as we aee about to see. 

§ 25. Tf we uae dii^ks, are placed at,a distance equal to aljout the third 

of their diameter, and carry the absorption of liquid sufficiently far, the angle 
comprised between the last elements of the surface of the ma^s and the plane 
of each of the disks diminishes until completley annulled, so that that surface is 
then tangent to the planes of the disks, (Fig. 25,) and hence flie last elements 
of the meridian lue are parallel to the axis of symmetry. It is TCXJ difficult 
to judge of the precise point where tliis result is attained, but wc ascertain that 
, it is really produced by continuing the exhaustion of the liquid ; we soon see 
the circumferences which terminate the surface of the mass abandon the mar- 
gms of the disks, withdraw, b v a dimmntion of diameter, to a certain dlstanoo 
within them, and leave a amau zone of each of the solid planes free; now, as 
these zones remain necessarily moistened with oU, though the stratum be ex- 
cessively thin, it is clear that the sarface of the mass must there meet the plaues 
tangentially. If the separation of the dit-ks la ntill lesc, we obtain a rei^ult of 
the same nature ; only, before spontaneous dibuuion takes place in the middle 
of the figore, we may still further contract the circumferences of contact, or, ia 
other words, ^darge &e extent of the free zones. 

§ 26. Tlic reason assigned in § 24 to establish the absence of an inversion 
of curvature so long as the curve withdraws at once from the axis of revolu- 
tion and the axis of symmetry, evidently still holds good at the points which 
we have just been considering, that is to say, at those where the elements are 
parallel to this last axis ; whence it follows that the curve afterwards approaches 
this latter axis, by preserving the some diiection of curvature, as is shown at 
Fig. 27, where the curve is drawn on a larger scale than the portion comprised 
in Fig. 25, and where the axis of symmetry ia represented by the right line XX'. 
And so long as these prolongations of the curve continue to withdraw from the 
axis of revolution, the direction of the curvature must still remain the same. - 
For let us suppose that it changes, at /and at g for instance, (Fig. 28,) then, 
from the point J' to & point such as m, situated a little beyond, the radius of 
cnrvatmte and the perpendicular would have, it will be seen, opposite directional 

so that the quantity would be a difference; now, from^* to m the p«N 

nendicular would evidently go on increasing, since, on one hand, the distance 
nom the axis of leroiuthm ineveases, and, on the other, that perpendicular w^uU 
have a still greater and gceater obliquity; it would, therefore, be necessaiyt in 

order for the above difPerence to remain constant, that the mdlus of rnn atnin 
shoidd also continue to increa?c from y to m ; hnt this is precisely the contrary 
of what would occur, for, by reason of the iniiexion, the radius of curvature 
would be infinite at J", and cou8e<|uently could only diminish after leaving that 
j^int It ia needless to remark that what has been just said applies ec^ually 
to' the pomt^. 

Let us see now Avhether, before reaching the axis of symmetry, the curve 
isan present two points, such ns k and (Fie;; 29,) where its elements ehall be 
perpendicular to that axis. With that view we will examine what conditions 
the curvature should satisfy from the summit « to the points h and X*, and it 
will suffice to couaider the are mA* JLet • be Uio point where tho elemeni of 
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llie coire vpanlM to ib«udi of symnietiy. IVon#Ji»sl]ieMdiiisQ#eiirva- 
tue and the perpendiealar Lava OTideiitlj eoatiaiy diroctioiia, and the qiuntit7 

rr+— constitutes a difference; therefore, from one point to another of this arc, 

the quantities M and N must vary in the same direction; and as the perpen- 
dicular continnes to increaae from the point s to the point ?i, the radius of curva- 
ture must continoe likewise to increase ; whence it follows that from s to n tho 
earv atur o is oontiiiiiali/ deoroaaing. Still further on, that ia horn « to ilt we 
aee that the ladioa of onnrattnra and tiie perpendieiilBr are directed towards the 

game side* so that the two terms of the quantity — +— are of the same size, and 

^ M N 

hence from one point to another the quantities M and N must vary in opposite 
directions. Now, when wo remove fi'om n on the fire nk, the pf^rpendicular 
be^ns to diminish, since at the point n it is infinite ; while the radium* of curvature 
begins to increase, or, in other terms, the curvature at the beginning diminishes, 
and, whatever Its ulterior eonne, will alwaya be, at every point of the are nh, 
weaker than at n, for at all those points the perpendiealar fe finite, and c<mi86- 
quently 1e^>' ih\n nt n. But we know that the cnrvature contiime;^ to increase 
from n U) s; therefore, in the whole extent of the arc nh, the curvature ia leaa 
than at &uy point of the arc ns. 




Thia hemg premtoed, let us draw the right line hr pazallel to the axis of 

symmetry, and then constmct, beginning at the point n, an arc nt exactly ^vm- 
metrical as r^^fr^^rds the arc nr. In the whole length of the arc nk the curv it m i . 
hf reason oi what has been said, will be less than at any of the points of ibc 
m» mt; whence iffbUowa tiiat tfaia last are will ha entirely interior to the former. 
How, the arc ni meets at t the right line hr by an element whidi necessarily 
mikes with the part tr of that line an acute angle; then, in order that the arc 
nh, which proceeds from n in the same direction with the arc w/, pliould meet 
perpendicularly at // the right line kr, it would be necessary that, alter t^eparating 
firom the arc nt, it should afterwards again approach it, which is evidently im- 
pogaiUe hi eonseqvenee of the inferiority of the enrvRtore at all its points. We 
Mro e iv B^ indeed, that it ought to cot the right Hne hr underamore acute angle than 
does the arc nf. Thus, the curve, in declining at its departure from n towards the 
axis of symmetry, cannot ce^e to withdraw from the axis of revolution ; and ^inc^, 
moreover, it cannot chaise the direction of its curvature, it must necessarily 
Intersect the axis of syimnetry. We further perceive that, in consequence oi 
-the condition which governs its e nr v at ur e a, it mnat cat that axis obliquely, so 
ihat we arrive, in the end, at the conclusion that it fbrms a node, (Fig. 30.) 

"We phrtll yf'rify thf exrst<"'nce of this r»ode by means of experiment. If we 
have not commenced by doing so, it is because it was necessary first to demon- 
strate that, starting from a constriction, for which tiie pressure is less than for a 
plane sai&ca, thevs is no other form possible for the meridian line. 
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§ 27. Ths constrictions realized in the t-xperim^ntB of § 25 being gea^^^rated 
by a portion of the node of the eoaplete meridiaa Hue* it 1i oMoos that thd 
figure geaeinted by the entire node, from the summit of the latter to its pointy 
WQtild be concave in the interior of the oil ; but it is indifferent, we kn.»w, (§ 15,) 
M f**gard8 equilibrium, whether the liquid b<^ situitt^d on on" or the othtr sid-! 
of the surfact*; thw figure geuttrated by the node may, therefare, be equally w-ll 
supposed full or in relief, and it is in the latter state that our experiiii*^ut will 
realise it. Ottlj irhea tlM liqdd ie tveiuiporlad lo thai; aide of the murm, tin 
quantitiM K and N at OMe eMge their 8igii« aad eonseqiMBtlj tlM qwUktStf 

11. . . . • 

-^+--Tfiom being negative, aa it was previously, becomes positive. 
M N 

We form, in a ring^ of iron wire, a bi-ronvf='T liquid lens, (2d aeries, § 18,) 
whose thickne.^H 8hall b<: abo'U. equal to thi; bixUi of the diameter: for instance, 
with a ring 70 millimetres in diameter, the thici£.ueds of the lens should be'aboat 
13 mm. If we piene perpeodicalarl/ this leae in tte eentvsr br means whieh 
frill be indicated below, we obtain a regular annular figoie, limited externally 
. by the aolid ring, and contiaiiiug for two or three soconda; after which, the 
central opening is seen to stretch towards a point of the 8 >Hd ring, the mast 
disunites at that point, and all thij liquid flows towards the opposite part of the 
ring, there to form a large and perceptibly spherical mass. Now, the momentary 
annnlar figure, whteh is fonnea ander these otrcnmstaneesi is, though nnstable, a 
figoie of equilibrium, since it subsists for some moments, ai^d it^ duration is 
long rnon<^h to enable us to observe that its meridian sfction ha.4 the form 
r^"pre8ented by Fig. ^^1, in which the dotted lino the section of the plane of 
the ring. This mendiau section shows evidently that the surface of the iigure 
prodneed is generated by a node having its summit turned towards the axis of 
revolution and its point to the solid ring. 

Let UB dwell for an instant on the details of the experiment just descrilied 
and on certain modifications of it. To pierce th ' lens, we should employ a 
fm'ill cylinder of wood pointed at one end and joined at the other to tm iron 
wire, which is bent obliquely, so that, holding it with the h md, we cau iutro- 
duee the small cylinder into the vase and pierce the leas perpendicularly. If 
the diameter of the solid ring be 70 mm., as we supposea above, that of the 
small cylinder should be ahn-At 16 mm.; and this cylinder and its point should 
be covered with cotton clotli in order to prevent all adhesion of the oil. 

If we give the lens a thickness sensibly exceeding the sixth part of the 
diameter of the solid ring, the liquid returns upon ttsdf as Soon as Uie cylinder 
is withdrawn, and the mass resumes its lentieuiar Iwrn ; but we may g^ve a less 
thiekoass than the above limit, when the central opening will assume larg« 
dimensions, and the node of t!i^ m-ridian line be con?"V|ti,'titly smaller. When 
the thickness of the lens is suiiiciently inferior to the iiiau in question, the man- 
ner in which the spontaneous destruction of the unstable iigure takes place is 
not the same ; the oentral opening does not then extend towards a point of the 
solid ring, but the annolar liquid mass eonttaots and disunites in sevwal pla^ 
at once, so as to be conrt^rted into a series of small isolated masses* whwh 
adhere to different parts ot the metallic r'ln^. The uiistible liquid ring' npoken 
of in § 19 of the second series pertains to the sort of iigure which we aii now 
Studying, and it will be remembered that it proceeds from a I^oa whaae liuck- 
ness has been rendered as sqmU as possible. 

§ 28. As the Uqaid ring may thus assusMt in the same solid ring, vnnr dif- 
ferent dimensions according to the thiokaess of the lens, or, in other worJs, ac- 
cording to the volume of the liquid of which it is formed, it results that, for the 
same distance from the point of the node oi the tnendian line to the axis of 
levolntion, the length of the node ma^ vary between wide limits: in the ex- 
periments above dessiibsd, these vaiiations an eomprisad between a very smftU 
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fraction of the distance iu qaestion and nearly three-f«arth8 of that dittt-inca. 
The complete figure with which we are occupied is thus not alwaya ilmilir to 
itodf. Of 9fb the ipliere, the cTUnder, or tho flatmoid ; like the vnduloid it to 

BUBceptihle of variation h of form. A compazfaion of ike liquid Agaxm i«pr^ 
flentea by Figs. 95 nni] 2G to the Pftme concluf^ion. 

§29. Before procecdini^, will notice a remarkable partieuiar. Tf we sup- 
pose the node in relief, the lii^uid which occupies it is in the coucaviiy of the 
eirv«;and ilaoeiUi KMdoea not ehange tkft difeetkm of Hs Mmtwe ia p«i»> 
log 1^ point Up (Fig. 90») the liquid will still occapy the meavitj of eash 
of the prolongations uv and uw; it fills therefore the spaces comprisfd between 
these prolongations and the node, po tlmt thh nod** enfTAged, whether com* 
pletely or partially, iu the interior of tlie mass, ii we .-iiippo^e the node hollow, 
lea creux,) it is, as may be easily seen, the prolongations uv and uw which are 
mea engaged in the Hqnid. Henee reeidte this singular eon»e(j[uenee» tkat^ 
ihongh the genml nil ion of equilibrium is satisfied, we cannot represent to 
ourselves the complete figure, except in the state of a h^irnplr pnrface, not in that 
of a liquid mass. In this last state it is only possible to imagine isolated por- 
tions of the figure — such, for instance, as the portion generated by the node alone* 
This pectdUrity of a snrfaoe re entering into the mass is one of those to which 
aQnsion wsa tnade in § 1 of the iecond series, and vkiek woold render the 
realization of certain figures of equilibrium in tkeir wkole eoctent impossihlok 
even if those figures did not extencl to infinity. 

§ 30. Let us attempt now to dii^cover the course of the curve beyond the 
points V and w, (Fig. 30.) We already know, from reasons stated in §2G, and 
uhistnited by Fig. 28, that as lonr as ike bmneliflB of the enrve contlnne to 
retire from the aads of xtvolntiott, toe curvature catmot change its direetlonr aad 
consequently remains concave towards that axis. This being so, there are evi- 
dently but three hypotheses possible : either the branches in question retire from 
the axis of revolution in such manner that their distance from the latter tends 
towards infinity, or they tend towards an asymptote parallel to this axin) ; or 
each ef them presentSt at a finite distance from the point « of the node, (Fig. 30,) 
a point at which the element is parallel to the same axis. The first of these 
we may nt once diftniss ; it would require, as ha:^ b.-nni already shown, (§ 24,) 
that at tlie points situated at intinity nn the two branches, the radius of curva- 
ture and the perpendicolar should ha hoik infinite, and thus the ^uanti^ 

^ + ^ would he equal to Mvo. 

Letiisezanmie» then* tkeseeond hypothesis, tkattnamely,ofaii asymptote paral- 
lel to the axis of revelation* At the point » (Fig. 30) the per|iendicular is in« 

finite, and the radius of curvature finite, (§26;) at the point where the hiancli 
nuv prohmged w iuld reach the asymptote, on the contrary, the radius of curva- 
ture would be mnuitcaud the perpendicular, which would measure the distance 
from that point to the axis, would be finite. In passii^, then, from the po'mt » 
to this extreme point, the perpendionlar»at first superior in length to the radios 
of curvature, would afterwards become infisrior to it ; whence it follows that 
there would be on the curve a point where the perpendicular and the radius of cur- 
vature would be equal, and for which consequently the centre of curvature would 
he on the axis of revolution. Let a be this point, o the corresponding centre of 
cnrvatorSy and afi a small arc of a dbrele described from the point « as a centee. 
One hranch of the eurre woold quit the point « ui the same direction and with 
the same curvature as the arc ajS, and would then immediately separate from the 
latter. Now let us suppose that at its departure from n, the curvature should 
at first go on decreasing; the curve will, at eoiniueuciug, be necessarily exterior 
to the arc of a circle. Xiet ay be a stnail are of this curve, in the whole extent 
of which the ooxrataie decreaaesy and let the length of the arc o^ be taken 
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«qual ta tliAtof tlieaie«r* Th«poiiit)^ viU be num fsmotoftom the axu 

the point /9; and monover, on account of the inferioritj of the cniratures, the 

t.^njrfnt at y will form, witli this axis, a greater angle than the tangent at ^; the 
perpendicular, therefore, at the point y will, for this doable reason, be longer 
than the perpendicular at the point ^. Again, and still hj reason of the in- 
feriority of curvatniw, the vadiiia of oumtwe at the poiBt y will also be longer 
than the radius of cnrvatu^ at the pohit ^; hat, at tais latter pointt these two 
qoantitiea have the same yalnc as at the point a. In passing tnen from <i to jr* 
the rflflni'' of enrvature and the perpendictilar will both increase Now this is 
incompHlibic with the equation of equilibrium; as the curve, throughout th*^ part 
which we are coueidering, turns its concavity towards the axis, the radiuii of 
OBTvatiure add the perpendietilar hcve emTwheve the Beme sign, and oonae- 
qoently when one increases the other shoola dimuush* and vice versd. If we' 
euppostt that, at parting from a, the curvature goes on increasinn;', the arc of tho 
cnrv.' will be interior to the nrc of a circle, and the flame mode of i*easouing 
would enable us to see that from one to the other extremity of the former the 
laditts of carvatBie and the perpendicular will both dimmiu. The hypothesiB 
of an asymptote parallel to toe aiis of revolutioii leading thns to an imposaible 
xesnlt, we see that it must be rejected like the first. 

It is the third hypotheais, therefore, which is true ; that is to say, the curre 
pre.^ents two points,^ and p^, (ITig.^,) where the tangent is parallel to the axia 
of revolution. 

§ 31. Experiment fbUy oonfirms this tfaeoietieal dedoetion, and ibrnislieSi be- 
sides, a suggestion for the discoroiy of the nltoiior eonrse of the eiunre. 

The two disks being placed at any distance from one another — a distance, 
for instance, equil to their diameter — we form a cylinder between tl)em, and 
then gradually lower the upper disk: the tigure then passes, we know, to the 
unduloid, and swells more and more till it constitutes pordon of a sphere, (Fig. 
31.) But if wo eontinoe to lower the uf^er disk* the meridiaii eonvexi!^ still 
cngments, and eonsequentLy passes beyond the above point ; for a eortain ap- 
proximation of the disk?, we thn^ n!if?un, for example, the result represented by 
i'ig. 35, and the liquid figure is always perfectly stable. Now, in thi:? state, it 
can no longer form part of an unduloid, since the sphere has been exceeded, 
which is one of the limits of the variationB of that figure, (§8.) We may 
again lower the disk untile at the points where the meridian line reaches the 
borders of the disks, the tangents shall be nearly perpendicular to the axis of 
revolution, h pfen in Fig. 36, and for a less mass of oil in Fig. 37. It is 
even possible thuL perpendicularity may be attained ; but it would be vt^ry diffi- 
cult to acquire the assurance of this, becau.se, on the one hand, the eye cannot 
judge with soffieient predsion of the directbn of these extrsmo tangents, and, 
on the other, the liquid fignro> at this degree of approximation of the disks, 
loses its stability ; if wo depress a little too much the upper disk, the oil is 
observed to be transferred in greater mass to one Hide of the axis of the system, 
80 that tho figure ceases to be one of revolution ; then, on this same side, the 
oil overflows the borden'of the disks, and spreads, in part on their exterior 
fiuses. 

Fry. 3d JK^M J^Sy ' 



Kow, in virtue of what has been stated in the preceding paragraph, so long 
as the curve, at parting from n, (Pig. 33,) continues to withdraw from the axis 
of revolution, the radius of curvature cannot become equal to the perpendicular, 
and since it is inferior to It at must remain inferior to it so long as the poini 
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p it not atliilMd} In AeivMt «Kle&t, then, of d^ieHSe » « j>,exeept afc Ad poini 
It, and porhaps &t the point p, to wlrich tbe dflmoMtBBlioii does not extona* tifto 

centre of curvature is olwajs situated between the curve and the axis, mid con- 
sequently tbo curvature is always stronger th in thnt of a circumference of a 
c4rcl»- having its centre on th^ axid. But, as m-> liave just seen, in the partial 
liquid figures represented hy Figs. 35, 36, and ol, ibe meridian curvatureH ore 
Stronger tlian when llie figvie is • portion of a spheiei or» in oUier words, 
stronger than that of a clrcnmftraioe of a circle passing by tbe bordei^ of the 
disks and having its centre on the axis. From thi- it is clear that tbese partial 
fignrf^ cnTT^titutR portions of tbe complete fiiiutc generated by an are f f the 
meridian Imc extending on both sides of tbe point/?, (Fig. 33 j) only they re- 
late evidently to different eases of that eomplete figure which we know to be 
■ttsceptible of variations like the nndnloid. 

f We will take one more step in pursuit of our meridivi Hne. In the 
above experiments, when the densities of the two liquids are rendered quite 
equal, the oil figure is always perfectly symmetrical iu relation to its equatorial 
circle. It in by tbe eye, indeed, that wc thus judge, and it might be supposed* 
perbaps, that this symmctiy is but approxunate; but we shall proceed t9* 
show that it is exact. In the absence of all accidental eanse of irregularity, 
there would be evidently no reason why an excesB of curvatures should exist 
rather on one definite side of the equator than the other, since the two disk? 
are equal and parallel ; whence it results that there is necessarily a form of 
equilibrium in which the symmetry is perfect. But if, in the partial figures 
realised — figures whidi are stable— symmetry were but ;ip|iioximated« it wonld 
he neeossary to admit that the exactly symmetrical form of equilibrium just 
Fpol<en of would bo unstable. If, then, all the liquid figures which can be 
obiaiued in the experiments described above, that is to say, in those which give 
all tbe degrees of depression of the disk from the case of Fig. 34 to that of 
Fig. 36, and all the masses greater and smaller with the same disks — if, I say, 
aU these figures were symmetrical only in appearance, there wonld correspond 
to each of them another figure of equilibrium difiiering extremely little, and 
which would be unstable. Now, the existence of two partial figures of equi- 
librium extremely near, the ' tit* stable and the otlier unslable, may well occur 
iu a particular case of the variatiuns of two complete figures, or, at leam, of one 
of them, and we have seen an example (§§ 2iO and '21) in regard to the contrae* 
tion of an undnloid, when that contraction closely approximates the partial 
catenoid of greatest height ; but we can comprehend that it is impossiblt; for the 
same thing to be reproduced in the whole extent of the variatiou^? of the partial 
figure realized. Henee we conclude that, in the liquid figures of tbe preceding 
paragraphs, the symmetry is real, and that, in one eomplete meridian line, there 
u thus, besides the aads of symmetry of the node, another axis of symmetry 
equally perpendicular to tibe axis of revolution, and passing by the point 
(Fig. 33.) Consequently, n]] that the curve presents on ohe side of this point, 
it should present symmeii k Uly on the otlifr ; the node which exists above p 
must have its corresponding node below, and since the two have rebpectively 
th^ axis of svmmetiy, it necessarily results that, in the first place, they are 
perfectly identical, and, in the second place, that all that is fouinl on me side 
of one of them must be identically reproduced on the other side ; whence it 
follows that above the upper node there is another like it, and above the last 
still anotbcr, and so on indefinitely along the axis of revolution, while the tktme 
thing occurs below the inferior node, all being connected by arcs equally identi- 
od with one another. An extended porthm of this eurve is represented at J*ig, * 
88, in which the axis of revolution A B is placed horizontally. 

The figure generated by this curve is thus prolonged indefinitely in the 
direction of tb»' axis, like the cylinder and unduloid. Wc will give to this also 
a name, and will call it the mfdoid. It should be observed thiit this figure baiof^ 



Digitized by Google 



MA 



VIQUBES OF EQUILIBBIUM OF A LIQUID MASS 




aSilMNdd be sacEoded oi4]r Ml ptnoating ^llltaendiitt line. 



will." urther recall the observation made in § 29, and which will now be better 
understood from the appearance of thia curve, namely, that the complete figure 
can onl y be represented in the state of a simple surface, since, if it were supposed 
to be full, there would evidently be parts of it engaged in the maas. 

§ 33. Bdbie we proceed to ue coosidfiratioD of the sodold in its Tariatioii8» 
a question ihoidd be resolved wliicli is suggested by the experimenta of § 31. 
Sinco "i^'f' kTio^v now the form of the meridian line, wo seo fhnt fhose experiments 
realize tiie portion of the nodoid generated by a ]»art, m i i or less considerable, 
of one of the arcs convex towards the extenur, sucii as npnf, (Fig* 38.) 

it may be asked if tbia does notieqirire that, widi disks of a ghren diameter, 
the Tolttme of oil should be oottapEised within certain limits, so that for larger or 
smallw volumes the figure realized would no longer pertain to the nodoid. To 
determine this, let ua take one of the figures realized, follow the meridian arc 
beyond th(! point where it meets the edge of one of the disks — the upper one, for 
instance — and let us see whether it be possible to arrive at a curve other than 
tiie meridian line of a nodoid. 

We will suppose, first, that in that part of its course where it oontinoes to 
approach the axis of revolution, and to withdraw from the axis of symmetry, 
the curve presents a point of inflexion, so that it shall afterwards turn its con- 
vexity towards those two axes. If, while still approaching the first, it changed 
a second time the direction of its curvature, the perpendicular conesponding' to 
tiua seoond point of inflexion would necessarily be shorter than tbe perpendicular 
corresponding to the first* since it would have less obliquity, and would proceed 
from a point nearer the axiB. But this is incompatible with the equation of 
equilibrium i for this equation bcii^ reduced at all the points of inflexion to 

^ =30> the two above perpendiealara nmst be eqnal. The ezisteaee of tliis 

leoond point of inflezioin being thus impossible, we see that beyond the first, tbe 

curve, which cannot (| 3) attain the axis of revolution, must necessarily either 
tend towards an asymptote parallel to that axis, or else present at a finite dia> 
. tauce a point where the tangent shall be parallel to tbe ^^ame axis. 

That the first of these two conditions must be rejected is at once obvious; 
for at die extreme point where the cnrve would toncfa the asymptote the radius 
of enrvature would be infinita> which wonld again reduce tne equation ci 

equilibrium at that point to — =0, and the perpendicular would there aiao be 

evidently shorter than at the point of inflexion. In the second case, the point 
where the tangent would become parallel to the axis of revolution cannot, on 
account of the evident inequalily of tbe perpendiculars, be a second point of 
inflexion. It would then constitute a minimum of distance to the axis, and con- 
feqnentij a small are extending on both aides of this minimum wonld gMienti 
a constriction which might be realiaed between two equal rings or disks. ITow 
we have diricussed all the possible partial figures of that nature. We have 
seen th;it every constricted portion pertains either to an unduloid or a catenoid, 
or to the pait of a nodoidi which encompasses the summit oi a nodus; but we 
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know t!iat tlie convex partial figure with which we started it not |>oitt<Ht of ah 
mdnloid. einco its omiTexily ezoeedi tke sphere; it m perceptible tlMtit is 
not portion sf a eatenoWU snd from what pieesdes ire ser thai the above eon- 
traction catmot 1»" pr»rtinii of a node. 

Thup our original hypnthpHi.-i of a point of iniiexion in tlie part of the curve 
which is withdrawii:^ from the axis of symmctrj- and approaching the axis of 
rerolutioii leads in^tably to iiapoMahlities» and, eonaequently, the curve 
maiiitaiDs the smee direotioii of aomtom ontO it deviates mn. those eonditions. 
Bat to do 80 it is evidently necessary that it should first cease to withdraw 
from the aifif of syminetry, or, in other terms, that it ehonld present a point 
where the tanj:^ent is parallel to that axis. Kfither is tbi^ point one of inflexion, 
ior the pcrpeudicular and the radius of cm vaLnre would there be both iiiiinito, 

iriiieh would animl the ^tumtity i^-^^' Beyond this poiiit» then, the enrve 

tedeseeDds towards die aads of sjmme^, stUl preeerviii)| the direetion of its 
eorvatuie. Viu^bStt this same direction is maintained, as we shall show, so long 
the curve continues to descend. In effect the liquid of the partial figure 
realized, and which has served us for a point of departure, being situated in the 
concavity of the carve* we readily aee that at all ihe points of our descending 
branch die perpendieidar is negatiye. Bat if tiiis branch contained a point of 

inflexiuuthe %n8nti(y^+^ would be redaoed at that point to the tenn ^ 

and consequently, on account of the eign of the perpendicnlar, weidd be also 
negative; while on the meridian axe of the lealiaed partial fignm the radios of 

positive. 

But the branch in question cannot descend indefinitely by still approaching 

liie axis of revolution, or, in ether tsnns» cannot tend toward an asymptote par* 

aUel to that axis ; for* at the point sitoated at infinity on the asymptote* the 

1 1 1 
quantity would agaiu be reduced to the term and consequently would 

be again ne2:at!ve ; it is necessary, therefore, that one branch should pass at A 
minimum oi distance from the axis of revolution, and should thus form the 
generating arc of a couslrictiou ; and &a this couiitricted portiou could pertain 
neither to the nndnloid nor Ibe catenoid* it neeeasarUy eonstatatee the snmmit 
of a node of the nodoid. We must recur, therefore, to the meridian line of tiie 
nodoid, and conclude that all the figures obtained in the experiments of § 31 
are partial nodoids, whatever the degree of npproximation of the disks, pro- 
vided the spherical curvature be overpassed, aud whatever the volume of oil in 
relation to the diameter of the disks. 

§ 34. We are now in a position to consider what is &e natore and wliat the 
limits of the variations of uie Aodoid. Siru ( , in the experiments of § 31, we 
pass by a portion of a sphere, after which, aa has been just seen, the partial 
nodoid la immediately realized, aud since the latter then varies continually until 
it reaches the phase at which instability commences, it is obvious that the por- 
tion of a sphere eonstitatesone of tiie limits of tiiese wialiDns, and that Itenee 
the limit of the corresponding variations of tJie conpleto nodoid is an inde- 
finite series of equal spheres, having their centres on the axi». But it will 
readily bo perceived that the only possible mode of continaous variation 
tending towards that limit is the following : in proportion aa the complete nodoid 
approaches the series of spheres, the dimensions of the nodes as well as the 
distance of their stnunlti mm the satis teniiiigh noie and note* whfle liw oar* 
tntare of the ans wkfoh oonnset Hase sodas veq^ea tomnds tlmt «f tie dr- 
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Gmnferenee of a circle liaving its centre on this flame a^ ; finally, at the Umil^ 
the nodes entirely disappear, and the abore arcs become so many dcmi-circnm- 

ferences, tangents one to the other. The ppherea, therefore, generated by these 
semi-cireumfereace» arc tangents al^o, rind hence it resolts that one of the limits 
of the variations of the nodoid is an indefinite series of eqaal spheres, which 
touch each other upon the axis. We already know (§ 8) that a similar series 
of spheres oonstitutes one of the limita of the variatioiu of the nndiiloid, so 
that this limit is common to the two figures, and forms consequently the transH 
tion from one to the other; this is likewlrfe shown by the experiments of § 31, 
pincL', in pasc'ing from the cylinder to the portion of a sphere, the figure reulizcd 
always pertains to the unduloid. The meridian line ui a noduid, but little re- 
mote from the limit just asoeitaiiied, is represented by Fig. 39. 
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\ 35. The variations of the nodoid have a second and very remarkable limit. 

Let us realize, by the process expTqined in § 27, the portion of a nodoid gene- 
rated by an isolated node ; let ua ejuppoae, moreover, that we successively repeat 
the experiment with solid ringa of conBtantly ipcrcaaiug i^izu, aud LhaL \ro so 
modify the Tolnme of oil that the length of the meridian node» that is, the dis- 
tance from its summit to its point, shall remain the same. When the diameter 
of tlie solid ring itii very consiJerahle, the perpendiculars corresponding to the 
different points of the node will be all very huge* so that at ail these points 

the term of the equation of eqnUibriom will be yeij small* and we perc^ve 

that this term will tend towards zero in proportion as the diameter of the solid 
ring tends towards infinity ; bnt it cannot be thna with the term ||, for if this 

last also tended towards zerOf the liquid figure would have for a limit of its varia- 
tions the catenoid, which is evidently impo^sHible under the conditions implied — 
that is to say, when the node is of constant length ; we can always, then, im- 
agine the solid ring so large that at all points of the meridian node the term 

^ shall be Teij small zelatiyely to die term The latter* which ezpfssses 

the median curvature, should iiow» in virtne of fhe equation of oquilibrinmt 
vary very little on the whole contour of the node, and consequently this will 
closely approximate to the circumference of a circhi. It is clear that, in thia 
ca?ie, the cur\'ature of the arcs -which connect the conaecutive nodes of the 
complete meridian line will also be very nearly constant, and of the same order 

with,that.of the nodes* for the term 1^ will be also very small on the arcs m 

guestion. From this we perceive that the consecntiye nodes of the meridian 
ne will encroach upon one another, and that hence for a certain larj^c diameter 
of the Bolid rinir thi^ linr* will Ivive the form p;irtially rep!'Pr<enteil at Fig. 40. 
In this liLCut e tlie axi^j of revolution is not ludicated, because it ia sitoated at 
too great a dwUnce. 

If we ima^ne the diamoter of the xiog stUl fhrther enlarged, the meridian 
cmrvature will still more nearly approami uniformity ; the nodes will be more 
nearly oirculnr and will more dosdy aaerosch on one another; finally, %k the 
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limit of Buch increase, wkea the diameter becomes iuEaite, the term ~ will com- 
pletely disappeftr for all points of tbe meridian fine; which, as i^aida this entire 
lin^ will reduce the eqoatiou of eqailibriam to — = C ; llie ta^itta of enrratmre 

vriHl be then strictly constant, and wo shall arrive at this singular result, that the 
total meridian line will be condensed into a biugle circumference of a circle ; and 
as the latter will be situated at an infinite distance from the axis of revolntiout 
we peroeiTO that the figure gcuetated will be simply a cylinder. Thus the 
second Ihnit of the yariations of the nodoid is the cylinder ; but this cylinder is 
placed transversely in relation to the axis of the nodoid from which it is dt rived, 
and that axis is infinitely removed from it ; while the cylinder which forms the 
second limit of the vaiiationa of the uuduioid (§8) has for its axis that of the 
latter figure. 

§ 3C. For the partial vealiaation of a nodoid whose complete meridian line 
shall be of the hnid Hgiesentecl. by 1%. 40, it il not neoessaiy that the absolate 




diametnr of \hr pol'f! ring should be very considerahlo ; it is sufficient that this 
diameter be large relatively to the length of the meridian node. For, if we 
zefleot that, in this latter, the corvature continues to diminish (§ 26) from the 
annunit to the points where the tangents aie poialld to the axis of symmetry, 
and that, from thence to the other extremity of the node, it is less than at those 
points, we shall perceive that if the length of this same node is small in relation 
to the radins of the solid ring, its width will be still emaller, and that at it3 
Fnmmit tho mdinp of curvature will he extremely small in comparinon with the 
distance Irom that bummit to the centre of the ring, a distance which constitntes 

regard to the term and the value of the quantity depend chiefly 

on that of bat it is at the Bommit that the perpendicular is least; therefore, 
upon the rest of the node and upon the ares which tmite tins node with the 

nodes neighboring on the complete meridian Ime, the term ri will have still less 

inSuenco. nn<l conseqaently» in the whole extent of that line* the enrvatore will 

vary but eiightly. 

The liquid ring momentarily obtained in a solid ring 70 millimetres in diame- 
ter, by {Horcing a disk reduced almost to a film, (2d series, $ 19,) conatitntea a 

partial nodoid of the kind which we are considering ; this Uquid ring has, in 
effect, but little size relatively to the radius of the solid ring. It is also evidently 
a c mcave portion of a nodoid of this kind which we realize in the experiments 
of § 25, when the disks are very near one another, and we stop the exhaustion 
of oil at the point where the extreme elements of the meridian arc are sloped on 
the fiuses of the disks at their borders, finch, too, ia the figore realiaed in the 
experiments of § 31, wbeii the distance of the disks is very small and the extreme 
elements of tlie meridian arc are inclined ;is neirlv as po?si!i1e on the prolonga- 
tions of the solid £ms^ Here, however, the meridian aco doea not appertain to . 
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one single node: ?f i-' formed, as -n'ill br» seen by Fig. 40, of the <urc wblch.tttlites 
two conHOciitive nodes and of tvvo portions of tlic latter. 

§ 37. The variations of the nodoid, finally, have, like those of the unduloid, 
a liiird limit) which is diecloaed by the lame experimento that have led us to a 
knowledge of the nodoid itself In the experiments of §§ 20 and 22, when, after 
hnvinn; formed a cylinder between two rings* placed at a less distance than 5 of 
their diameter, we progrer»sively remove Home of the liquid, the partial figure, 
as we have seen, becomes first an unduloid, then by de^ees attains the eateuoid, 
after which it immediately passes into the nodoid ; whence it eridently follows 
that the eatenoid is one of the limHs of tlie variatioiis of the nedoidt and» moie- 
over« that it constitutes a nt w transitimi from ihe hitter to the tmdnloid. We 
havf nlreadj feooguiaed (§ 34) anothmr, cooiiatng in an indefinite raaeewiim af 

spheres. 

The third limit, theOf of the variations of the nodoid is the cateaoid, and it is 
easily made apparent how the figure becomes thtts modified. If wa ooaaider 
that the expeiimeBts jost spoken of realize the portion of the nodoid gsnenated 

by an arc pertaining to a node, and presenting its concavity ©eternally, we shall 
thence conclude th-M the portion of the noiloid wliielt pfi^ses into the catenoid 
is that which is generated by one of the nruli wiiotiii tiuuimit becomes that of 
the meridian catena. ThiA l^eiog premised, k t us conceive that each ui the uoded 
of the complete meridian line becomes gradually modified to amve at the eatenar 
and let ns imagine* for the sake of distinctness, that, daring all these modifica- 
tions, the distance of the snmmits finom the axis of lerolution remains constant. 

1 1 

In proportionas thenades approach Ae catenathe quantity ^+ ^ tends towards 

lero, but on all the arcs which unite the nodes with one another the quantities 

1 1 



these arcs cannot tend towards zero unless M and N tend at the same time 
towards infinity ; all the points, tlua, of these ares will withdraw indefinitelj 
Irpm the axis of ravoln^on, while their curvature becomes at the same tune 

indefinif^Iy weaker; ivlience it foH^'^ys thnf thn extremitie>' nf the nodes will 
withdraw further and farther from the axis, while, by the increa^in^^ develop- 
ment of the intermediate arcs, which, from the nature of the curve, evidently 
cannot diminish in curvature without ac(|uiriug greater extension, the nodes 
will separate more and more from one another, until, at the limit, Uiey are all 
infinitely distant and infinitely elongated. If, then, we consider one in partie- 
iil'ir. the whole curve will be reduced to that one alone, and, on the other hand, 
its extremity or point will have disappeared, and it will be found to be traus- 
formcd into the meridian line of a eateuoid, that is to say into a catena. 

§ 33. A hst ^nestkm now presents itMlf t Are* there otiier Hgnres of equili- 
hrinm of revolution besides those of which we have thus tkt vecognisied the ex- 
istence? All these last are such that portions of them can always be comprised 
between two eqnal and parallel disks. Now our experiments have exhausted 
all the conibiuations ol that kind; whence we must conclude that if there were 
still other figures, they would be of such a nature as not to be capable of fblfillhig 
that eonditini, and, mr that, it wosld evldentiy be necessary that tbeb meridian 
lines should present no point whose distance nom tim axis of revolution would 
he a maximum or a minimum. As these lines, mor««over, could not reach the 
axis, (§ 2,) they must continue always to leave it, from a first point situated at 
infinity on an asymotote parallel to that axis, up to another point situated Uke- 
wise at Infinitj. ittis heing so, at the first of ^ese ftws «ztc«me pouits, ihe 
radius of curvatme wonld be neeessazily hifinHe, while ihe perpendiealar woald 

be iiaite, and the equatioa ot equiiibrium would be reduced to^^rO; but from 
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* tins it xesoltB that like earratnre wM nowKere change its direedon: for tf 
then were a pomt of infiesioni the eqnataon of equilibrimn woiilcl be there alio 

rt^duced to ^=C, and consequently the perpendiculars at the ahove first ex- 

treme point, and at the point of inflexion, would be equal* which is evidently 
impo> ible. Therefore, the curve being free from all undulation, the curvature 
would necessarily tend towards zero, or, what amounts to the same, the radius 
of eorvatore would tend tewaida t&fintty in approaeUig the Beoond'eztrene 

point, so that flt that point the term would disappear as at the former, whkh 

weald require, m before, the impossible equality of the two perpendiculars. 

The pole fipriires, therefore, of equilibrium of revolnlion of a liquid mass with- 
drawn fron^ tlie action of rTavity are those at which we have arrived in the 



the mlwhHdf the ostenoid, and the nodold. All Aeae figures, wHSi the ezi 



can be realized in a complete state with a finite mass of liquid : hence, m we 
have seen, it m always the spherical form which is assumed by a mass of oil 
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It has frequently boen observed th it there existf a certain resemblance be- 
tween ai'chieology aud geology, notwithstauding the different character of the 
reeultd obtained by these sciencesi aud the jMuralieiism which they exhibit is 
really of soffieieDt disliiietiMM to Juetify a oompariaoiiL By ffTamining the 
petitfied lemaina of animals and plants taat are found in the layers composing 
the crust of the earth the geologist determines the different phases m the history 
of our planet; while the atudont of archnology, in endeavoring^ to throw light 
on the ionner condition of maukiud, has to rely in a great measure ou the ruins 
of buildiugSi ou earthworks, implements of various kiuds, organic remains, and 
other traeea left by those who pasied away luu^ ^i^^o fipom the aeeiie of Uht 
But even in the results of the two aeiences the analogy is not entirely wanting 
in so far as the geologist, thoug;]i succeeding in establishing the relative age of 
the strata, is unable to determine with any degree of certainty the time that 
wa8.reauired to form the stony shells surrounding our globe ; and in treating 
of aate-niBioiie peciods, the arohtsologist, likewise, is at a lots to fix Uie period 
when a people existed, of whoBcf oooditioai of lifOt laaimen, and domcBtie 
habits ho oan give the most satisfacti^y account. I will mention in this pUm 
only two recent discoveries in archeology, namely, the lacustrine ri/iat^e.f of Switz- 
erland, Italy, and Germany, and the Kjoekkenmoeddiugs or rejme.-heaps ijccur- 
ring on the Danish islands. In both cases we obtain, by the minute researches 
and ingonkMHi conduilona of aeientifie inveatigatoMv a knowledge of cettafai 
popvlatiou oonoeimng whom history is entMy silent; and while we h^ve bcK 
come acquainted with their character and manner of living, we neither know 
their narar>9, nor arc wo alio to detennine the period when they inhabit? d those 
places which abound with tokens of their former existence. The lake-dwell- 
ings as wdl as the EjoekkeMnoedd4ng9 have been described in the Smithsonian 
pnblieMlons* and elsewhere, and it would he oseless to enlarge here on tlMM 
subjects ; but as I intend in this sketch to treat of American remains similar 
to the Kjoekkmrmeddrngit I will merely devote a few words to the latter memo- 
rials of antiquity. On the coasts of tlu- Danish islands and along the fjords of 
Jutland there occur extensive heaps of shells, mostly of the oyster, which weie 
oonsidered finr a long time as formations of the sea, nntO of late their orlifittiid 
eharacter was established by BsaBh savans* who proved them to be the accn* 
mulated refuse of the repasts of a people that dwelt in foiqaer agesy beyond the 
record of history, on the shores'of these islands. 

The indications oi iho artificial origin of these shell-heaps chiefly consir^t in 
a total absence of stratification which always characterizes marine deposits, and 
in the fibct that the mblnsh contains rode flint implements, fragments of coaias 
pottery, fireplaces* eharcoal, cinders, and the bones of various animals, sons 
of which ai*e now extinct in thoso parts, as for instance the uruff, CBos urus 
or primigcnius,) beaver, and auk or penguin, (Alca impennis, Lin.) Bot 
neither bronze nor iron has been discovered in these places, from which it may 
be infeoed that the Inhahitsats were unacquainted with the nse of metals, and 
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, belonged to thai MMte fm/M wbidi U eaUecl *'theage of stone" by tbe aiehn 

* ologiBts of Europe. 

From the iftlaxids of tbe Bubie lea I will now torn to the ibores of New 

Jersey. 

While speudiugf duriug the summeni oi iSGJ and some weeks at Key- 
port, Monincrath county, New Jersey, « noMll town sitaated on Baritan bay, I 
examiiujd within the pieeiaele and in the neighborhood of that place several 
shell-depoeits which are nnmistakahly artificial and the memorials of the In- 
dians who formerly inhabited this re'/ion • These depoeitH evidently owe their 
origin to the same causes which produced the Danish Kjoekkcntnoedding»t to 
which Uiey correspond la aU esaentiol points, eonatitating aocnmolatiouB of cast- 
swar ebeUs, wUcn eometfanea ueiely ibrm a more or lets doiee eovering of fhe 
flandy an^Me, but also in a few inaliineee beds or layers intomic^ed with sutd 
and pebbles* in which eaae tfaey aaeiime the shape imgnlar hilloehs or 
mounds. 

The shell-deposits of Keyport iudicute the places where the aborigines were 
mnstomed to mast upon the spoila of the neighboring beaeh, mnarkable for 
Ito abmiAance of oysters, clams, and other eatable mollnsks. They selected for 

this purpose favorably situated localities at some distance from the shore, and 
sufficiently elevated to be out of reach of high tide ; and in a few cases that 
fell under my notice, the shell-beds are contiguous to creeks which run into the 
beach and probably a£forded the means of transporting the supply of shell-fish 
in csiioefl ftom the sea diraetly to the place of encampment. The principal 
ftod of the aboriginal coast-population was eyidertly furnished by the eommon 
oyster ( Ostrea borealu, Dc Kay) and the hnnl-sliell clam fVcnnx mercenarta, 
I/in.J for their valvee, partly very old and fretfueutly broken, constitute nlmos^t 
entirely these accumulatious of shells; but the common periwinkle (Jt^ynda 
caiiaXieuiskL and P. eama, De Kay) is also often met, ana was piobably eaton 
by the aborigines, aa it is at present by some of their Caucasian saeeessois* 
I found only two or three Rpecimeiis of the soft-tihell clam ( Mya arenaria, 
} ;?raonp' tho shell-heaps, and none of the common black musael fMiffilux 
edulia, Ltn.J The last-named species, however, does not occur in great num- 
bers in the neighborhood of Keyport, and the soft-shell clam has, as its name 
ihdfeates, Teiy thin and peri^^le valves, the Augments of whieh may lie bnied 
among the thicker and mofe dvable shells of the other moUusks. It would 
be rash, tbf n f rf, to suppose the soft-shell clam bad been exelmlfd fiom the 
bill of fare ot the ludifinf?. Amon^ the.-ie remains of mollnsks tlu ' l i oken bones 
of animals are occasionally met wiUi, liiough generally in such an advanced 
state of decay that their cnaraetor can no longer he determined ; for, owing to 
the non'Con&ervative quality of the sand which surrounds them, they have be* 
come entirely destitute of animal matter, and will almost crumble to pieoes 
when handled for examination. The direct evidences of the occnpnncy of these 
places by the Indians are not wanting, and consist of numerous ii agraents of 
pottery and stone implements of the usual kind, otherwise very scarce in this 
part of New Jersey. 

By for the most extensive shell-bed I had an opportunity to examine occars 
on the farm of 5[r. oii^c Poole, situated a mile and a half nortln^ast of Key- 
pf)rt. and about tliree (^uartfr^^ of ;i mi!o south of a small projfcliou of the coast 
known as Conaskonck Tumi. Ihc ruad leading iiom Keyport to the village 
of Union passes through the fturm lands, whieh occupy an area ef nine^ aeiea. 
This locality was donbtless for many geuerations the abiding place, or at least 
the petiodioal iesort» of the IndiaiiSy and tiaeea of their former piesenoe in die 



•My attention was first directcfl to these aboriginal remains by the Rev. Samuel Lock- 
w(K»<l, a Bcientitic gentiemaaof Kejport, who baa moogniied their true character befon I 
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shape of cast-away shells, arrow-points, and broken pottery, may be discovert*! 
almost in every held belonging to the farm. Their principal camping-ground, 
however, was iituatod close to the road already mentioued, and is indicated by 
the dark dotted space on the aecompanying olaa. Heve we have a KjoeMenmoe^ 
diitg in the xeal mae of the wocd. Seen wm a dklaaee^ tibSs place has aUii2«t 
the appealtance of a snow-cbvered 
field, owing to the great number 
of bleached shells constituting this 
deposit, whioh spreads over an 
a|:ea of six or seven acrss and 
fbrzDS eevehd extensive heaps or 
mounds of an average height of 
about five feet. But tliesc heaps 
do not exclusively cousist of shells : 
the latter are mostly imbedded 
iu Baud, probably carried diither 
by the action of winds — by aeolic 
action, as science calls it — and in- 
termingled with innumerable peb- 
bles represeutiug vaiious mineral 
snbstances, among wladi &ose of 
the quartz family seem to pre- 
dominate. As iu other localities 
of the neighborhood, the shells on 
this spoil are the remains of oys- 
ters, hard-shell clams, aud peri- 
winkles, the last-named kind of 
shell-fish being vepiemnted, as 
elsewhere, by a comparatively 
small number of specimens. 

That considerable time was re- 
quired to heap up these shells is 
evident, and, moreover, indicated 

by the chalky, porous appear- , , , 

auce and fragility of many of the valves, while those that were cast away at later 
perioas exiiibjt these signs of decay in a far leas degree, and are even sometimes 
aa sonnd as though they had but lately been left on the sliorc by high water. 
A gieatnwnberof the sheUsare broken, especially those of clams, which seem 
to be more brittle than oyster shells. This breaking into fragments is caused bv 
the sudden changes of temperature, in consequence of which the valves crack and 
ultimately tall to pieces. Concerning the depth of this deposit, I learned that 
about twelve years ago several hundred loads of shells were taken away from 
a certain spot for making a road. The excavation thus produced reached 
about eight feet downward, and the mass was found to consist throughout that 
depth ot shells, sand, and pebbles. My own diggings, whieh were, howeven 
ot a more superficial character, led to the same result. This shell-bed ia about 
halt a mile distant from the shore at low tide, and the intervening area con- 
sists chiefly of so-called salt-meadow. In trannporting the shell-fish to the 
camping plaoe it is probable that tlie aborigines availed themselves of a small 
nameless creek (marked a on the plan) running towards the sea, west of the 
8hell-b( <1 and not very distant from it. This creek, though rather nairow, is 
sutiiciently deep for canoe navigation during high water, and joins the more 
considerable Conaskonck creek, which flows into tho beach. There was, con- 
sequently, a water connexion between tho sea and the camp. Tho space en- 
closed by a dotted line on the accompanying plan indicates the continuation, 
o(r rather the running out, of the BheU-b^joat described ^ teh^ro tin shells 
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are hy far less numeroU9, and form no longer h<*ap3, but \m thinly Fcaftcrcd 
over the ground, which is piirtly nndor cultivation, and swampy in some 
places, ii6 marked iu dm draw tug, by wliich it k only intended to dhow ap- 
proximately the kwatioii and extent of the depoiH* 

By searching among these sheUrliesiM a&d ui the a^aeent fields I obtained 
Iliore than three huudnid t^pecimons of [ndian raannfactnre, cnnFisfing of stone 
axes, arrow ajnl Fpcar-poiuls of diffci t ut sliajx ?. flint knives, and many pieces 
of broken crockery. The tomahawks, which conaist of ^eenstone or aand- 
etone, are of the usual shape, and encircl<^ witih a gfom Ibr sttaeliiiig them 
to a handle. Tlie matefiaf ef the anow and 8pear-heada is either flhit, com" 
'mbn quartz, greenstone, or a kind of dark elate. The epecimene made of the 
two last-named mineral -nlist.inces hare a rather clnm«y ft]>pearauce, owing to 
the roughness of the material; but those wrought ot tlmt are mostly well 
shaped and pr^ent pretty good samples of aboriginal art. That the manu- 
^wtaTO of anow4ieada wm eairied on in tliis ptme ie evident fiom Ae great 
number of iUnt cliips which lie Bcafttned among the riielie; and, moteorer, I 
picked up several unfinished arrows, which were thrown aside as nsclcss in 
oonsequence of a flaw or wrong crack, or some other irmnilurity in the mate- 
rial. These specimens are in bo iar interesting as they liiuBtrate the process 
of arrow-making. The fragments of pottery which I coUoctod here consist 
of 4 daik clay, either mixed widi coarse sand, or pore, and for the most part 
rather slightly burnt ; some of the sheidB still bear the ornamental lines and 
lK>tcbes cut in the surface of the vessels. The mixing of the clay with 
pounded shells does not seem to have been practiced by the Indians of this 
regiou. I ibund also a fragm^t of an apf^rently large vessel cut out of tk 
takoee atone. A Hbw elay beada were pi&ed np on Ae spot, hot I did not 
obtain any of them. 

The last ludiaus who vii!^ periodically the nd^borhood of Keyport, even 
within the recollection of old people, belonged, accordinp;^ To the statement of 
my informant, to the tribe of" Narragansetts. They made their appearance- 
every year and caught eheU-libh, which they di'ied for winter use. Their en- 
eampment, however, was not on the spot of which I ]ia,ve given a description*, 
but in Pleasant Valley, a little less than foor lltilei sottth of Keyport. 

I am informed that similar shell-beds occur on Long Ishind, where the 
neighboring farmers use the tihelli? for burning lime. Two centuries and a 
quarter ago the Dntch colonists of Manhattan island made the same use of the- 
SiM& heaped up by the Indiaus of that locality. The aoconnt of New Neth^ 
eriand givoi by the Jesnit missionary Isaae Jognee* contains the ibUowhig: 
passage ralative to the subject : 

There are some hooses bnilt of stone; linn thaynmln of fljTStcT shollB*. great heaps of 
wlildi aiefbondhera^ made fonnnJIybfUia savage hi^art hfUiafefiahaiy,."*' 

Sir Oharles Lydl saw on St. Simon's island, near tho mouth of the Alta- 
maha river, in Georgia* large Indian shell-monnds, of whifih. he gives the ibl<^ 
lowing description : 

"We landed on the northeast end of St. Simon's i.Hland, at Cannon's Point, -whcr© we were- 
grntitied by tlio nisht of a cnrious monuiueut ot the iudiaus, thts lurgeut muund uf iihells left 
by the aboiiginesTn any one of the sea islands. Itoo are no less than ten acres of ground,, 
elevated in mmo places ten feet, and on an averajje over the whole area five feet, above the 
general level, cunip<MeU throughout that depth ot myriaJH uf cast oyster shells, wiUi soma; 
BMawils, and hero and thsre a modfada and halg. Thay who have wmm the ilbnte Thstacao, 



• Memoir of a Captivity amon^ the Mohawk Indians, a Description of New Nethorlandl 
in lM'i-4'.i. and other rapers, bv Father Isaac JogBi»s,.of the Society of Jesus, with a. 
Mevwlr of the Author, hy John OTmary Bbea, (New «ork,. 1857, ) p. 57. hk fha original tho 

pa'isnp'p nins fhv,:< : "II y a qnr'lrjrir'? lof^-is basty.s rlr, . ]ji(r.Tr' : Us font la chaox avec deS' 
Go^uiiltM d'huiiitf^ dout ii y a de gcaus luonoeaux ^oits autretois p les sauvagesi ^ni vivanip 
an partie da oatte psschsi** 
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B«ar Kumo, know whtit great reMullM intiy proceed from insiguiticarit causes where the camu* 
lallve ^wer of time baa been at work, so that a hill may be formed out of tbe broken pol* 
tery rejectwl hy the population of a large city. To them it will appear unnecessary to infer, 
as some auticiuarles nave duue, from Um aiaguLtude of thetse Indiua tnouads, that they must 
have been thrown up by the sea. In refutation of such an hypothesis, we haTu the fact that 
flint arrow-beads, atoiw ijm» Mid £t»giiieat» of Indivn potlogr b*Te bM& detected fchrongift* 
out the mass." * 

The eaaie author uoticed Bbcll-depaaitd on the coasts of Massacbusctta. 
During his voyage roaad the world Mr. Darwin saw shell-heaps in the 
ialaodaf TemdelFiMgo. He Bays: 

**Tbe inhabitants, living chiefly upon shell-fish, are obliged constantly to change their 
place of residence; but they return ut intciTals to the same Bpot.-^, aa is evirlent trom the 
piles of old sheUs* which must ottcn amount to many tons in waupht. These bewe can bo 
flieiiiigttfaiwd eta long dhtMiffn by the br^i;ht(neaeDlMre(«flilan pliiiteiriiieiiiavaxis^ir 
gtowontiicn.**! 

We may expect to moet with arti^ekl tlwU-Moinniklkini, w at kaaft ^emom 

of them, almost in dl parte of the American coasts whare an diN>riginal popih 
Iniinii existed, nnfl thvy luive already h^(^r\ found in various places beaiaes 
tliotie mentioned, as tur msUtnce in Newf uuidiand and in California, and we 
shall doubtless hear of further diiicoveric;^ as sOou ab proper atleutiou is paid 
to these mflinoiials of the natii'B fahehitaiite of the Amanwa eoatinent. 

The oeeuTence of the Danisfa vefose-heape, whose age is lost In the dawn 
of history, and of- similar comparatively nv^uit deposits in America, shows 
that the conditions of existence of those Baltic islanders and thn Ampricaa 
coast inhabitants were essentially the same, and furnishes a striking iliuatra- 
tion of the sioiOwity In the d««elopnniit of man in both hemispheres. A 
'fhorongh iaTeetSgataon of the American eheIl>ixMMiiid8 will no* only enaUe « 
to compare them more minutely with the corresponding remains of £urope, 
but may. possibly, disclope important facts relative to the former cmirlitinn gf 
the American race, and thus enlarge our stock of ethnological knowledga, 

* A Seocmd Visit to the United States of Amedca, by Sir Charles Lyell, (l!few York, 18481) 
vd. it p. 

t Journal of Bes ea rehe^ Ae., ty Clmtes Dgirtai, (New Yoifc, 1 846,) veS, i, p. MIL - 
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THE INISRMIITURE OF RACES. 



BY OBOBOE OIBBB. 



Thk pulfject of the intennixture of races, and its rppuTt as affpotinj" tbe 
physical development of the eusuinpr progeny, ib one of the most iiiteK t-tino;' 
in anthropology, eBpeciaiiv in it:i bearing upon the (question of the unity of the 
hiunan fsadly, Yet» bo Imr as this contmeat Ib eoneerned, it luui nowhera le- 
ceived the thorough, By8teina1ae>sad oonscientioiis inyeBtigaAiou which it deserves. 
"What obfiervatioiiH have been made, are, so far as I have seen, confiued to the 
tmion of whites and negroes. Even as to Mexico, where tlie mixed racoB form 
BO large a part of tbe population, the inq^uiry Bceme to have been generallj 
ne^e^fld. 

Dvrng a ntiAenee la Oiegon* eonuneticing in 1849, before the great infliiz 
of American cmigraato, and vhea. the piopoition of half-breeds to the fur-traders 

and other early t-cttler«i was easily perceivable, my attention was drawn to the 
fact that, notwithstanding- the long intercourse of tlie^e with native women, 
their odSiBpriog formed but a small element in the comnLUuity. Being anxious 
t» aieertaiin wheAer this mm due to a taint common among uie coast tribes and 
cAer causes of merely local inflnenoef or whether it was of general extension 
through the northern and temperate parts of America, I suhsequently addressed 
a lett^ to the Right Reverend Bishop Tache, of the lied River Settlement, the 
substance of which, and his reply, is given below. In the case of the white 
and black races, the weight of testimony is certsdnly unfavorable to the health 
and longevity of the orapring, and the impresuon has been general that this 
was also the case with Indian half-breeds, at least in the northern temperate 
climates. Any tmstw^orthy observations on this question are, therefore, import- 
ant, and the testimony of that gentleman is beyond cavil. It is hoped that 
this communication m^ lead to investigation among the civilized tribes of tlie 
west* the Cherokees, Ghoctaws, and Oieeks. 

I should ptemiso that syphilis has long prevailed in the coast region of Ore* 
gon, that is to say, in the country west of the Cascade range, it having been 
noticed hy Lewis and Clarke a? early as 1806. The erotic temperament of these 
tribes, common to all people whose food ia chiefly fish, coupled with the absence 
of moral restraint, has tended to disseminate it widely, and thus been one 
eanse of the dying out of the aborigines. Its effects, owing to climate^ food* 
and general mode of Iifb» are less fatal, it is'tme, in the first instance than 
among some other nations, but they phow themselves in the prevalence of 
scrofulous diseases* in the diminished number of children, and. in their early 
death. 

This state of ftds, howe?ar, applies less to the ease of the ha]^1»eedB than 

to the tmmixed Indians, for the reason that the selections of the whites were . 
nsually from the better class of female and to a considerable extent from the 
interior tribes, where disease is for less common. The fathers themselves wore 
of three race?'. Scotch, Canadian French, and Americnns, all hardy and vigoruus 
men ; their iamiiies were, of course, better fed and cared for than those of the 
savages ; the dimate is proTerhiallj healthy, and yet this mixed population has 
not increased as might £ive been ezpectdL 
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8AUTUS0NIAN Institction, Washington, D, C, June 17, 1862. 

Reverend and Dear Sir : Being enga^d in tbe preparation of a work on the Indians 
of Nortliwt'stera America, among' whom I nave residt *1 u number of years, I am dosirous 
of comparing my obaorvationa on some points of vital statistjlcs with those of other ports 
oir uiB fsmuctj, ABOWr imm vie ^jtwtiioB or imennsmaKe ot uw iwo neit is pnouiWDt, 
and I take the liberty of applying to you for iufoi niution upon it. % 

As a general thing the meti£s of Oregon have been short-lived, and it is at onoe noticeable 
thai in uie length of tinetilileli boi clapped rinee Hm) eDtnnee of <lie ftir4nidmt into that 
country, (a half century,) and the great number of marriages that have taken place with 
native women, only a very small inoigenoos mixed population has sprang up. Yet at the 
•ame time tbe half-breeds who arrive Aera firam the Bed Kver eoontrjr appear healthy, and 
the men strong and able-bodied. The cause of mortality does not arise from vice only, for 
it is noticeable in the families of the better class, as well as among the lower. As regards 
^ iBtormarriage of Oregon half-breeds among themselves, I do not know a single caae 
where they have left oflfspring. You, on the other hand, have a large mixed population, 
and they must, of course, intermarrv. Tbej have the reputation of being a hardy, athletic, 
•Rd Tig er w w pst^ and I aKeonkMatokaoiriitwlMt thadiftianM^ if uBif thna |% eao- 
sists. 

Will you, therefore, be Idnd enough to inform me, as nearly as possible, as follows : 

1. The actnal number of the mixed race in the Red River colony. 

2. The average duration of life by esthmatioo, if aol otherwise atiaiwMi abteiotdtj, md 

as compared with that of white settlers. 

3. Whether instances of prolonged life are frequent. 

4. Whether there seems a marked difference in longevity between men and women. 

5. Whether marriages between metifs are common ; and if so, whether they are as 
prolific as those between white persons, or between Indians; and whether the offspring 
of such inteimaaiages are aa viganms and loag»iived as the leindta of tbe fiiat aoM «f the 
■two races. 

6. Whether this cia.s8 of popnlation is increasing, and likely to rf suit in a permanent 
mixed race or variety of the human species. This question is the more iutereeting, as I 
suppose your pnre ifUte eetflen to he a Ihii^haind laee, wUeh has in genmal not la o wwd 
as well with the Indians as the darker nations, such as the Spanish and Portugnese, and 
because mixed races seem always to have thriven better in warm than in tMnperate or cold 

I aoH imMBdand dMor'rfr, twr iMMetfUlsr, * 

GEOfiOE QIBBS. 



; or St. Boniface, Red River Settlement, 

Hudson's Day Territory, July 21, 1862. 

Dear Siri I have tlie honor to acknowledge the receipt of jour interesting fsvor of the 
17th ultimo, which duly, cams to hand by the last moH. Ton certainly hav« no need of 
apology for having addressed me on the points mentioned in your letter. I only regret ngr 
im^ilitv to satisfy yon as fdllv as I might wish. The burning of mj cathedral and pnliiB, 
trift m Iho anfaifoa of the bishopric, renders it impossible for aio to ho very preelM. Hie 
little information in my possession on the sulyeet I will choorfnlly give^ trusting that It msf 
be of help to you in your scientific labors. 

I now proceed to answer your questions. The answer to your first queiy wffl ht ftMBid fti 
the aanswdoofy of •■tariatiaol tahb ftam tho cdtoial oonw of thia settlawwnt tohw to 
1856. 

9d. Wo hoTo ao naqy instanoea <£ hngovily oaiong Uttb halthveeds aa maumg Ao whMa 

population.. 

3d. Having lost my register, I cannot ascertain the aven^ duration of life here, but I 
consider it as about oqoal to that of the white aetUan of this ooontiy. Mid ftr ahoro that ol 

the unmixed Indians. 
4^ I remark no difference in longevity between the sexes. 

Ctil. We have dailv instances of marriages between half-breeds. They generally hsfo 
mmerous children, who are as long-lived and vigorous as the first crosses of uie two races. 

6th. This class of population is rapidlv increasing, and is sure to result in a permanent 
mixed race cf Tarie^ ct the human ^eoHB, and it w not ^xifit iq> chiefly hj additkma from 



withont. 

7th. Fidr-hailod Mto fettlen have cro a a e d m well with the Indiana aa thooe of daik 
complexion. No adiod iMo tan HHH hftvo thilvm hofetar to ' 

extromoly cold one. 
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T u will en^Hy coiiipn lieod bj the aboTOanswexs my utter nupiiM on seeing joor stote- 
ment abont the Oregon balf-breeds. 

I beg iMm to vemaln, in MnicslittiiHai, Tonr obedient iemnt, 

t AT.EX. TACfffi, 
R. C. Bubop of 6^. Bonifacej O, M, /• 

Censm (ff the Red River cokmyt taken May 20, 1856. 
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AK ACCOUNT 

♦ 

or 

THE ABO&ieiNAL INHABITANTS 

THE OALtFOBKIAN PENINSULA, 

AS GIYKN BY 

JACOB BAEOBRTi A OBIMAN JESUIT MlSSIOIf ARY» WHO LIVBD THERE SBVBN* 
TBBlf YBABS IHIRIEfa THB 8B00ND HALP OP TSB I*A8T CBNTURY, 



<C!0«lMM«i /iWK SmitUomuui R^pori/or 1863.) 
CHAFTBRVd — TBBttt CnfABACTBB. 

In describing tlio character of the Californians, I can oulj bay iLat thej are 
Ml, awkward, nidB, uiwleaii, iasoleiit, nngn^tefol, given to Ijing, ihisWdi» 
lazy, great talkers, and almost like children in their naaoning end actione. 

They arc a carcles?, improvideut, uureflectin^ people, and p^sgcss no control 
over themselves but follow, in evex/ reap^ct, their natural instincts almost like 
animals. 

They are, nevertheless, like all other native AnerieanB, human beings, real 
children of Adam, and have not grown out of the earth, or of stones, like nose 
and other {dants, as a oortun impndent, lying freethinker gives to understand. 

I, at least, never saw one' growinp^ in snch a way, nor have I heard of any of 
them "wlio originated in that peculiar mann(;r. Like otiier people, they are pos- 
sessed of reason and understanding, and their stupidity is not inborn with 
them, but the resnlt of habit; tad I am of opinion that> if their joung sons 
were sent to Boropean seminaries and edilegoe, and their girls to oonveota 
■where younp^ f'i males are instructed, they would prove equal in all respects to 
Europeans in tlio ncquirement of morals and of useful Fcicnccs and arts, as has 
been the case with many young natives of other American provinces. I have 
known some of them .who karned lovftal mechanical trades in a short time, 
often merely by observation ; and, on the contrary, others who appeared to me 
duller, after twelve or more years, than at the time when I first became ac- 
quaintofl with them. God nnd iKitTiro have endowed these people with gifts 
and talents like others ; but their rude life hinders the development of tne.«o 
facnlties, and thus they remain awkward, dull, aud so »low in their understand- 
ings that it xoq[iiives eonsiderablo poinSy time, and patience to teadi them the 
doctrines and precepts of the Christian faith, insomuch that a sentence of only 
a few words mu;;t he repeated to them twelve times and oftener before they an 
capable of reciting it. 

It may not be out of place to corroborate here what Father Charlevoix says 
of the Canadians, namely, that no one should think an Indian Is convinced of 
what he has heard because he appears to approve of it. He will assent to 
anything, even though he has not understood its mcanmg or reflected upon his 
answer, and he so does cither on account of his indolence or indtflfoieiiefl^ or 
from motives of selfishness, in order to please the missionary. 
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The Oalifomians do not veadily confess a crime unleM detected in the aet» 
because they hardly comprehend the force of evidence, and arc not at all 
ath.omcd of lying. A certain mij^siouary eent a native to one of his colleagues 
with some loaves of bread and a letter stating ihcir number. The mesi»en|^ 
ate a part of the hreadf and his theft was consequently diseoTered ; another 
timfi, when he had to deliver four loaves, he ate two of them, hut hid the 
accompanying letter under a stone while be was thus engaged, belicvinp;' tliat 
his conduct would not be revealed this time, as the letter had not seen iiiuL in 
the act of ei^ing the loaves. 

In die nuMion of St. Borgia the priest Ofdeved hb people one dar to strew • 
ihe way with some green herbs, because ha was abont to oring the holy sacra- 
ment to a sick person, and his order was promptly executed by them, but to 
the great damage of the missionary's kitchen-garden, for they tore up' Jill the 
cabbages, salad, and whatever vegetables they Ibond there, and threw them, on 
the road. * 

Yet, notwithstandhig their Incapacity and slow oonjprehfiasion, they are, 
nererthek'ss, cunning, and show, in. many cases, a conddmble degree of crafti- 
ness. They will sell their poultry to the mistiionary at the begiiuihig of a 
sickness, and afterwards exhioit a disposition to eat nothing but chicken-meat, 
till none of the fowls are left in the coop. A prisoner wLU feign a dangerous 
malady and ask for the last sacrament in Ofder to be lelieved from his fotters, 
and to find, snbscouently, « chance to escape. They rob the missionary in a 
hundred ways, and sometimes in the most artful manner. If, for instance, one 
has pilfered the pantry and left it open in his haste, another one forthwith 
requests to be admitted to confe!<i*ion, in order to give the thief time for closing 
the door, and thus to remove all cause of suspicion ou the part of the mis- 
sionary. They also Invent stories and reUte them to their priest for the pnr> 
pose of frustrating a maniage engagement, that some other party may obtain 
the !iri(lc. These and many hundred similar tricks have actually In-cn pln-cd 
by them, and show conclusively that they are well capable of reasoning when 
their self-interest or theur needs demand it. 

The Oaliforuians are andadons and at the some time foint-hearted and timid 
In a high degree. They climb to the top of the weak, trembling stems, sometimes 
thirty-six feet high, which arc called cardones by the Spaniards, to look out for 
game, or mount an ^mtaracd horse, without bridle and saddle, and rklo, during 
the night, upon roads which I was afraid to travel in the diiytirae. When new 
buildings are erected, they walk ou the miserable, ill-constructed_ scail'oldiugs 
with the agility of oats^ or venture several leagues into the open sea on a bnnme 
of brushwood, or the ^In stem of a palm-tree, without tiiinaing of any danger. 
But the report of a gun makes them forget tlu'ir lunva and arrows, and half a • 
dozen soldiers are capable of checking several inuidrc^^i Oalitbrniani^. 

Gratitude towards bene&ctors, respect for superiors, parents, and other rela- 
tions, and poiitenem In mterooofse with follow-men, are ahnost tmknown to 
tbem.* They speak plainly, and pay compliments to no one. If one of them 
has received a present, he immediately turns his back upon the donor and 
walk" off without sapng a word, uuIc-^m rb*^' Spanit<h j»hra8e, Dt09 te lo pague, 
or, " God reward you," has been previously, by a laborious process, enforced 
upon his memory. 

Where there is no honor, shame k em wantiiq;^ and therefore I always 
wondered how the word **Ut** that iSi '*to be ashamed," had been InMliiBed 

f 

* According to Bae^t's own statement, (p. 309,) the forced departure of tbe Jecuit mi»- 

Bionuilfs from the pfumsulii caused great distress Huiotig the rnmans, who expro >;'-erl their 
grief a geueral howling and weeping, which shows that the feielinga of giatitntio and, 
attschment were not entirelj wanting in their character, although selfishness may have had 
a Inrgc i^haro in tho dumoa^tration. The parting soeM if weU doscribod in a £nr linns bj 
W. liviiig. — Adv. CujUaiu JitfunAciiie^ p. 'S3ti, 
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mfo iheir lan^a^ ; hr, ftmong Acmselvefl, do OM mM bliis^ on fleeoant of 

any misdeed ne aa4 perpetrated. If one Bad idHed Iris father nnd motber, 

rohhf 'l tOnirclir?, or cnmmittod of^ieT^mfammis crimesi, and had been a hundred 
tiraeB whipped and pillnriffl, he would, neverthelosa, strut about Arrth a perene 
brow and an erect head, and without being in the least degraded in the eyes of 
Ilk people. 

I^nees, lyihg, and atfialine Are their heredftary Ticei and |)tineipal finond 

iefects. They ar^ not a people npon ■w^opo "vrord any reliance can be placed, 
but ^hcy will answer in cue breath six times yes" and as many times " no," 
without feeling ashamed, or even perceiving that they contradict themselves. 
They are averse to any labor not absolutely necessary to supply them with the 
means^of satisfying hunger. If say work ocennred in tne nnsslon, It wii 
neeesBary to drive and urge them constantly to their task, and a great number 
Com}>l:unod of Bickncss dnriTicr tlM* week-days, for whirfi rr»:i^on I nlwnys called 
the Sunday a day of mirack'ss, because alllhose who had been sick the whole 
week felt wonderfully well on that day. If ^hcy were only a little nvre indos- 
triooBi tbey might improve Aeir eondttft>n» to a eertain totent, by planting 
some maise. pumpkins, and cotton, or by keeping small flocks of goats, dlisep, 
or even a few cattle ; and, having; now learned to prepare the skins of deer, 
tlioy could easily snpply thcm?»elveH with garments. But notln'nf^' of this kind 
is to be expected of them. They do not care to eat pigeons, unless they fly 
roaflted into their mouths.* To irork to-day and to cam the fruit of their 
labor only three or six montbs aftenmids seems to be ineompatible iriA tholr 
duuacter, and for this reason there is Bttle hope that the^ will ever adopt a 

different mode of life. 

Books could be filled with accounts of their thefts. They will not toni h 
gold or silver ; but anything that can be chewed, bo it raw or cooked, above 
w gronnd or b^ow, ripo or nnripe, is not more si^ fimn them 'flnnt the dMAe 
fimn the cat, if the eye of the owner be only diverted for a moment. The 
herdsman will not even spare the dog that harf boon given to him to watch the 
flock of sheep or goats intrusted to his care. While one day ob^rrvirfii;, un- 
gecn, my cook, who was engaged in boiling meat, I noticed that he took one 
piece after another out of the kettle, bit off a part, and threw it again into the 
▼eesel. The meal on the missionaiy's taUe, when he is suddenly edled aw^, 
is not safe from their thievery, and even the holy wafers in the sacristy are h 
danger of being taken by them Yet they sometim*^« Iny thoir hanrl- nn th'in^ 
of which they can make no use. whatever, in a w i y really surprising, wlucli 
shows to what degree stealing has become a habit with them. 

For dght years I kept, ranging at large, flrom four to Are h undrriQ head el 
cattle, and sometees as many goats and sheep, until the constant robheriflfl sf 
the Indians of my own and the neighboring mission compelled me to give up 
cattle-breeding. t In the borlies of nineteen cow3 and oxen, that had beea 
killed in one day in the mission, there were found, after the removal of the pkia, 
more than eight flint-points of arrows, the shafts of which had been broken off 
by the wonnded animUs while passing through the rocks and hnshoB. I 
hefieve that more of these animals were killed and oaten by the natives than 
were >irovight to the misBioa for oonsimiption, and hcrses and asses sodfersd in 
like manner* 

■■ ■ I - I ■ ■ ■ ■ ■ « ■ 

* Oerman proverb. 

f Tb» cattiw, as well as the goats and sheep, srs dweribed as small and I«m, owing to tha 

scant J pasturage. The lionses, tlioug^h siimu, W'^n- i>f a good breed aud onduring, but the^ 
did not suffieiently iTiultiplyY aad ^^^^ uuimals had to be imported v.very year to moant tiM 
Mldienaaid Qowheid.<). The ass alone, " says the author, which is nowhere choice^ InU 
alwavH cDtiti Titci], tares tolerably well in CaUlomi*. Ho works but little, and foods on tb« 
prickly ^.hmbs with as mock relish as if they were the most savory oats." The number el' 
hogt on Uie whote peoinsala hardly amoimtsd to a doien. 
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In order to be exenpfc fimtt AT to escape tlie fgniihrnnnt tot gsMUi 

misdeedsi, the Californiana sometimes couutorfeit dangerously sick or dying 
perisoud. Many of those who were carried to tlic mission in suen a feigned state 
by their comrades received a i>ouud iioggi^g, which Buddealy r^tored them to 
healtii. Witihoiit iienlMming all (he ca«ev (hat fell mider my notice, I will 
»peak of two indiTiduab who represented dying persons so wi ll that J did not 
faesitato to give them extreme unction. Another really frightcnt d me by pre^ 
tending to be infected with tbo .smallpox, which actually raged in the neighhoriug 
mission, causing its priest for three mouths, day and night, a Vai»t deal of trouble 
and care, and keeping him almost constantly oq horseback. A fourth, whose 
neoM waa Ofement, aeened also resolved (o give np the ghoat With hini| 
however, the difficulty waa that be had never seen a uying peiaoiwnot even his 
wife, whom I had buried, and often visited during her sickness, without ever 
findinp: the husband at home. But having witnessed the death of many cows 
and oxen, which liis arrows had brought down, he imitated the dying heast so. 
natorally, by lolling out his tongue and licking his lips, thai he went afterwacda 
always by the name of Chmenic vacca or Cow Clememt, 

Nothing excites the admiration of the Cidiforniiuis. Tbcy look upon the 
most splendid eccK .siastic ganneuts, embroidered Avitli gold and silver, with as 
qjuch indiiierence as though the material consisted of wool and the galoons of 
Qommon flax. They would rather see a piece of meat than tbo rarest manu- 
fiietinea of Mlhui and Lyons, and sesemble, in that lespect, a eerbdn Canadian 
who bad been in France, and remarked, after bis return to 0<Hmde> that nothings 
Ifk. Paris had pleased him better than the butcher-shops.^ 

They are not in the least degree susceptible of disgust, but will touch and 
Iji^mdle the uncleauest objects as though they were roses, killing spiders with 
their fista, and taking hold of toads wiuont aversion. They use as a covering, 
the filthiest rag, and we^r it mitil it iota on their bodies. In person they are' 
ojp^dingly dirty, and waste hardly any time in decorating and embellishing 
themselves. I must mention here, also, that they are in the habit of washing 
themselves with urine, which renders their persons very disagreeable, as I have 
often experienced when I bad to confess them. I was informed by reliable 
people that they eat a oertaia kind of large spiden, and likewise the vermin 
whieh (hey take from each other's heads; but X never saw them doing it: 
whereas I saw them frequently f(.*tch their maize porridge at noon in a half- 
cleaned turtle-shell which they had used the whole moruiug to carry the dung 
ifom the tblds of the sheep and goats. 

Conoeming their improvement by the introdoedoii of the Christiaa zeligipii* 
I am anaUe to bestow mu^h praise upon those among whom I lived seventeen 
jiffUNb during which period I bad sufficient opportunity to become thoroughly 
acquainted with their character; but I must confess, to my greatest affliction, 
tliat the seed of the Divine Word has borne but little fruit among them ; for 
tJUis seed fell into hearts already obdurated in vice from then* very infancy by. 
■ed«y(h>n and had ezainple^ wuoh all pains and exertions on the part of the 
missionary were oaavailing to remove. The occasions for cyil<domg, among' 
young and old, are of daily occurrence, and numberless. The parents them- 
selvea give the worst example, and the Spanish soldiers, cowherds, and a few 
others who come to the country for the purpose of pearl-iishing and mining, 
eontribate not a little to inereaae viee among the natfre popnlatmn. The mo- 



* Mr. Catlin relates a similar circnmstance of a party of Iowa ludiaus that were exhibited 
ia London. After their first drive through the city, "they returned to their lodgings in 
I^Ht glc<>, and amused us at least for an hour with their first impressions of London, the * 
Sading, striking feature of which, and the one that seemed to affora them the greatest satis- 
Action, was the quadtity of fresh meat that they saw in every street hanging up at the doom 
and windows."— Covin's Nabs$ of Eight Ywt' TYmmU and Residtm» im Mmnm* Kew 
York, 1848: voL ii, p. 9. 
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tires, on tlio other h-inr!, which act elsewhere as checks npon the confliict of 
the people, and keep them within the bounds of decency, are not at all uudcr- 
Btood or appreciated by the Califoruians, for which reason the teachiuga of 
leUgion can nuke Imt ImeimiweMioii upon iheir unprepai^d minds; and beios 
thus unrestrained by any considemtions, they eaBilv yield to the ImpulaeB oi 
their character, in which a strong passion for illegal pcximl intercourse form? a 
prominent feature. In all bad habits and vices the Califomian women fully 
eq^oal the men, but surpass them in impudence and waut of devotion, contrary 
toflidlialiiiofllwmaniminantliefMtoftliAWttl^ Tbore were certainly 
some among tbe Califomians who led edifying lives and behaved in a praise^ 
wortihy manner after having embraced the Christian faith; but their number 
was very small ; tin? reverse, on the contrary, being the general rule to such A 
degree that the wicked and vicious fonned the great ms^oiity of the natives. 

CBAWm TI.F-4BBi]l aUBAOTBR, CONTINUBO.— Alff ACCOUNT OF Tllk ASftASSK 
NATION OF THB iBSUlT FATHBBS TAMARAJL AND CAKHANCO.* 

To all other bad qualikiea of the Califomians may be added their vindictiTe* 
ness and cruelty. They care very little for the life of man, and an insignificant 
cause will stimulate them to commit a mnrrler. Among other cases which 
happened while 1 lived in their country, I will mention that of the master of a 
small ship loaded with provisions for two poor missions. This man had scolded 
a nnmher of natives for some eanse or otner, which they resented hv hreakiDg 
his skull with a h^avy stone, while be was eating his supper on the shore. His 
ship they abandoned to wind and waves. In the year 1760, a boy of about 
sixteen years stabbed anotlier of the same age with n knife in the abdomen, and 
struck him ou the head with a heavy club, almost within sight of the whole 
tribe, and only a stone's throw from the chmeh and the honse of the missionary. 
The murderer had already selected a hozse on which to escape* and intended to 
save himself within a church thirty leagues distant from the pkoe where tbe 
crime was committed ; but he failed to effect his flight, t 

Up to the year 1750 the Califoraians had revolted at different timea and 
places, and compelled several missionaries to abandon their stations, and to seek 
safety in other qnartecs. The natives were stirred up to these insnrreetions 
either by their conjurers or sorcerers, whose influence had been eonsiderab^ 
reduced, or because it was requested of them to keep those promises which they 
had made when receiving the holy baptism. 

The most extensive and dangerou^i revolt of all began in the year 1733, in the 
soifthem part of the peninsnk, among two tilbes eaUed tiie Peridtet and Cmrmi, 
who are to this day of a very fieroe, unruly, and uutlbctahle chmracter, and who 
gave much trouble to Father Ignatius Tirs, from Kommotaxi* in Bohemia^ the 
lost Jesuit missionary who resided in their district. I 

In the year 1733 there existed in that ptu t of the country, which was inhab- 
ited by several thousand natives, four missions, with three piietsts, who had in 
all oidy six soldiers for their pfoteetlon. The missions were the foUowine: 
La Paz, without a i < Hi Jcnt priest, and guarded by one soldittr; St. llomtmaaa 
Father Sigismund Taraval, a S])aniard, born in Italy, protected by three sol- 
diers i St. Yago, over which Father Lorenzo OarrancOf a Mexican* of Spanish 



* This episode in the missionary history of Califomm forms a separate chapter in the third 
part ot our uutboi's work ; bat as it thruwj^ much light ou the teuiperameut ul' the uativeji, X 
have inserted it in this place, 
t This church was prooably considered as an asylum or place of is&jHf, 
X He was one of those who shared wftli the author, in 1767, the fate of banishment. At 
that time ilicre were in all sLxteeu Jesuits iu Lower Culironiia — Hl'tecu priests and one lay 
1}rother. Six of them were Spaniards, two Mexicans, and eight Gormuis. The names of 
llae latter ate given on page 3li by the «iltl¥ir« who ondti^ hpwerer, ills own name in otrdoc 
to pneerve liSs anoiiTnioui ehanoter. 
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parentage, resided, wifh two soldleni ; and 86. JoHfh M Cabo, imder IVithcr 
xilcolaB Tamaral, from Seyilla, in Spaiof wHhont any fOud. 

The motives leading^ to this insnrrcctinn, wliich were afterwards freely divnlged 
by the natives, consisted in their unwiilingncBS to content themselves with one 
wife, although they had promised to renounce polygamy, and their displeasure 
at being reprimanded fbr certain transgressions deserving the censnre of their 
BpiiHuai advisers. The ringleaders and principal movers of tlie xeibeHfos irero 
two individuals, Botd» tad GUptfn' by name, who exerted, a neat inflaetiee 
among; the natives; and prepared everything in secret for the ontbreak. Their 
object was to kill the tnrcc priests, to exterminate all traces of Christianity, 
which most of them had adopted ten years before, and to resume their former 
loose and independent manner of living. Their desiga beoame, however, known, 
and the fire was extingnished hefore it eonld bla/e up in faU flnaes. The In- 
dians feigned a friendly disposition, and a kind of peace was established towardf 
the beginning of the year 1734. But as this peace was not concluded witl 
sincerity, it could not be of a long duration. The treacherous rebels soon agaL ^ ' 
made attempts to cany out at all haaaids the objects they had in view, and 
really snoeeeded in the following October, though not so completely as diey 
iHshed, since Father Taraval found the means to escape their murderous hands* 

The six soldiers werQ their principal obstacle. Meeting in the field with onf^ 
of them of the mission of St. Kosa, they assassinated him, and sent word to the 
mission that he was very ill, requesting the priest either to come to the place in 
ofder to confess htm, or to or£r the two remaining soldiers to transport the 
patient to the station, their intention being to decoy the one or the others, and 
to take their lives. But fortunately the messenger delivered his commission in 
puch an awkward manrfer that the crime they had already perpetrated, as well 
as' their further designs, could be easily divined, for which reason neither the 
priest nor the soldiers complied with their reijuest. A few days afterward they 
killed abo the only soldier belonging to tho mission de la FSs. 

The mmor of these two murders, and other Indubitable signs of an impending 
mntiny and general uprising in the south, were spread abroad, and soon reached 
the ears of the Superior of the missions, who was then at that of the Seven ' 
Dolors, nearly ninety leagues from the place where these events bad occurred. 
He sent orders immediately to the three priests whose lives were endangered to 
save themselves by flight* but the letters fell into the hands of the mntineefB, 
and would, besides, at any rate have arrived too late to avert the peril. 

It was the intention of the conspirators to strike the first blow against the 
mission of St. Joseph and Father Tanianil ; hnt learning that leather Carranco 
had already received inteUigeuce of their plans, they rushed wiih all speed 
upon his missiim before he could make any preparations for defence, or effect 
his escape from the place. It was on a Saturday, and the 2d of October, when 
they arrived at the mission of St. Yago. The father had just said mass, and 
hafi locked himself in his room to pprt'orm his privnto deVotiona. Most unfor- 
tunately the two soldiers, who formed his whole body-guard; had left the place 
on horseback in order to bring iu some head of cattle for the catechumens and 
other people of the nussion. After a whiie the returned messengers, whom 
Father Carranco had despatched to the mission of St. Joseph to warn Father 
Tamaral of the danger to which he was exposed, entered the room. Father 
Carranco. was reading his ans«\'er, when the murderers entered the house and 
&U upon him. borne threw him on the ground and dragged him by his feet to 
the front of the church, while others pierced his body widi many arrows, and 
beat him with stones and clubs till he expired. 

A little native boy, who used to wait upon the father when he took his meals, ' 
was a witness to the act, and shed tears when he beheld his benefactor's 
mrairtiiul fate; upon which one of the barbarians seized the boy by the legs 
and smashed his head against the wall, saying, that since he showed, so much 



Digitized by Google 



« 



384 ™^ AMUcavAL. muwAm of 

re^rret at tlio 3oatli of liia master, he sliotild also serve him and bear him com- 
pany iu the oiln T world. Among the innrderers wei'e Bomc whom the father 
had eoaaidered axj Lhe moaL reliable of hid flocli) and whose fideUtj he never had' 
doubted. *' 

Having torn th« f^ammtB from the lifeless bod7, tbej treated it in a moH 
abominable manner in order to wreak their vengeance, and they finally threw 
it on a burning pile. After this they set the church and the house on fire, and 
burned to ashes the utensils of the church, the altar, the representations of oar 
Saviour and of the Saints, and everything elM liuit difijr o<n>Ui nmi apply to 
tbeir own me. In the mean time tiie two unarmed soldienh who had beeanwik' 
after cattle, returned. They were eiKBipelled to dismount and to kill the cows 
for the m«lefart»f» after wlueh tbe eamges despatched them with a shower of 
arrows. 

, On the foUowLug day, the same fate befell i ather Tamaral, thepriest of the 
ciiB^on of St. Joseph* twelve leagues distant from thai of St. Yago, wt aa soen si 
^ e villains had committed their crime at the one pUuxs tiiej directed their 

inarch to the other. Father Tamaral, not believing trie report of his colleague, 
was quietly sitting; in lii;^ hntiRo, when the savage crowd, considerably increased 
by members ot hia own parish, made their appearance in the mission. In their 
usual manner, they demanded something from the misskmaiy, for the purpose 
oi finding a pretext for qnarreUing and oonunencmg theft hostilities, in case the 
pdest should disappoint them in their washes. But thdr bdiavlor, and the 
arms which they all carried with them, soon convinced the missionary that Uiey 
had other designs, and he consequently not only complied with thdr requests, 
but gave them even more than they demanded. Being thus baffled iu their 
attempt, and iUU of eagerness to carry ont their hloody plan, they put aside aD 
dissimulation and atta&ed tin; missionary withonf further delay. They dueir 
him on the ground, dragged him into the open air, and discharged their arrows 
upon him. One of their number, whom the father had a phort time before pre- 
sented with a large knife, added ingratitude to cruelty by burying the weapon 
in his body. 

• Thus the Fathem Tamaral and Oarranco were led to the shambles by their 
own flock, and closed their days in California, after they had spent many yeaiB 

in that country, and, by a blameless life and great zeal, proved themselvQS 
worthy to die the death of martyrs. The abuses to which the savages sub- 
jected the body of the deceased priest were greater, in this instance, and they 
exhibited more wantonness in the destruction of the chnreb and other piy)perty 
than on the preceding day, because the crowd waa Isiger and had become moie 
infuriated by previous success. 

Fathf'r Taraval, of St. liosa, the third priest of w^bom they intended to make 
a victim, succeeded in making good his hight. He sojourned for the momeut 
on the western coast of California, at the station of All Saints, which formed an 
adjunct to his own mission, and was a two days' journey distant from St. Joseph. 
Being warned in due tune by some faithful Indians of the danger that threat- 
ened iiim, he packed up in great haste his most needful things and rode at full 
speed, in company with his two soldiers, during the night of the fourth of Octo- 
ber towards the opposito shore of the peninsula, where he embarked near the 
mlmion of La Pw m a small vessel, wluch had been despatched to that pUoe 
when the first news of the impending rebellfon became known. He landed in 
safety at the mission of the Seven I>(dors, then situated near the sea ; leaving 
beliind him the smoking ruins of four mi>»sions that had been totally d»*«tr(\^•pa 
in leea than four dayg, ont which conldonly be rebuilt and raised to their Ibrmer 
importance with great sacrifices of time, labor, and human life. 

The rebeli, howevert iSred badly, and had no cause to glory in tbeb trinmi^ 
The southern tnbes* whose number was four thousand souls at ib» outbreak of 
the wvoU, are noir lednced to I6ur hundred, for not o|ily was war waged a^phot 
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tbem by tbe Caliromian and foreiirn militia, bnt tlioy bad alfo qnarrels araoTij^ 
themselves.* Yet those causes were lesi? effective io their destruction than the 
loa^some diseaaea and ulcers by which they were visited, and among the four 
fanndred that now* r^nain, only a fetr are free from the general malady and 
ttijoy the blessing of sound health. 

On the other hand, be that grace of Heaven a thousand times praised, which, 
in our day alf»o, inspireF! araons; the members of the Catholic priesthood, and 
especially in the Society cf .Jesu?^. men of superior courage wlio, without the 
slightesst «elf-iiitere8t and tor the sole purpose of propagating the Christian faith, 
not only bravB ail dangers to vbich they are exposed hi -vrild conntries and 
anid.'it barbarous tribes, but who also willingly give Hp their lives when occa* 
sion demands f^nch tiacririce-*« ! For be.sidcs thcpo two Californian minfiionarie?!, 
many others belon^^ng to the same society b.avc puffercd death in the course 
of this century, while engaged in the conversion of heathen nations. Among 
the great iiiniiDer of these .-netims, I will only mentkm Father Thomas Tdlo, 
a Spaniard, and Father Henry Rnhen, a German from Westphalia, both Jesuits, 
who were killed as late as 1751, by the mutinous Phnas, on the other side of 
the Californian prulf. With Father Ruben, I had crftppcd tbe Atlantic* ocean a 
vear ^! ti ire, and \vc made al?o in company tlie journey overland as ^^ar as the 
Pimeria, where he closed his days six mouths after his arrival. 

CHAPTER TBBATMK9T. OF THB SlCK^roiiBBAL jD08TOll8. 

♦ 

With all jheir poor diet and hardshipj^ the Oalifomians are seldom sick* 
They are in general strong* hardy, and much healthisr than the many thousands 

who tire daily in abtmdanco and on tbe choicest fare that the Bkill of PariRiau 
cooks can j)rc])arc. It is very probable that mn^t Califoriiian.-i would attain a 
connideruble age, after having safely passed throu|^U the daugcrd ol" ihcir child- 
hood: bat they are unmoderate in eatiug, running, bathing, and other matters* 
and thus doubtless shorten their existence. Excepting consumption and that 
' disease which was bror.glit from Ainerica to '^ ,1 ru and Xaples, and from thence 
pprcad over various countries, they are bnt little subject to tlu; disorders com- 
mon iu Emope; podagra, apoplexy, dropsy, cold and pelccLial i'ever.i being 
almost unknown among them. There is no word iu their languige to express 
sidkness in general or any partieolar disease. "To be sick," they signify by 
the pbaauBQ atemba tie, whi<ui means "to lie down on the ground," though all 
those in •j'nni] health may be seen in that position the whole day, if tliey arc 
not searchujg for food or otheinv*i?i; en^a;^ed. When I asked a Califoraian what 
ailed him, he usually said, "I have a pain in my chest," without giving further 
partienlan. 

For the small-pox the Califomians are, like other Americans, indebted to 
Sloropeans, and this disease assumes a most pestilential character among them. 
A piece of cloth which a Spaniard, just recovered from the small-pox, had given 
to a Californian communicated, in the year 1763, the disease to a small mission, 
and iu three months more than a hundred individoals died, not to speak of many 
Others who had been infected, bnt were saved by the nnwearied pains and care 
of tihe missionary. Not one of them would have escaped the malady, bad not 
the majority run a^ay from tbe noigliborliood of the nospital as SOOn as they 
discovered the contagious nature of the disease. 

Iu the month of April of the some year, 1763, a young and strong woman 
of my mission was seized with a Ycry peculiar disorder, consisting In erocta- 



• This is the only instaace in which th(^ author allndcs to wars among the natives in the 
hody of his book, though the first appendix contains, on page 3^ the following remark ui 
refutation of a passage in the.Frenen translation of Venegas's work: **All th« is said in 
reference to tbo warlnre of tho Calil- niii ms is wron^. In their former wars thoy merely 
attacked the enemy unexpectedly durii^ the night, or Irom an araboah, aiad killed aa mai^ 
as thoy could, without older, previoas dsdsriliow w war, or saj oacenuniiss whstem." 
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Uons of gucli violent character that the noise almost resembled thunder, and 
could be heard at a distance of fbrty and noic paces. The emotations lasted 
about half a minute, and followed each other after an interval of a few mumtea. 
The appetite of tin; patient was pjood, and she complained of notliinfr cl^c. In tliig 
condition she remained for a week, when she suddenly dropped down in such a 
manner that 1 thought ahe would itover rise again ; but 1 was mistaken, for the 
. emctatioDS and the (leculiar fits conthiaed &r three years, until she became at 
laat emaciated and iMed in the month <^ July, 1766. A &w dajt) after tho 
outbreak of her malady, her Im^baud was attacked by the same disorder, and 
on my departure, in 1768, I left him without hope of recovery. Subsequently 
the woman's brother and his wife suffered in like manner, an*! after these 
Beveral other Caldomiuuji, principally of the female t>ex. ^eilhcr the oldest of 
the natives, nor miaeiomuries living for thu*ty years in the country, had hitherto 
been acqnatnted with this extraordinary and apparently contagious disease. 

^he patience of Californiaus in sickness is really admirable. Hardly a !<igh 
is lif^avod by those who lie on the bare p-ound in the most pitiable conditioa 
and racked with pain. They look without dread upon their ulcers and wouuda, 
and subiiut to homing and cutting, or make incision^ in their own flesh ibr ex- 
tracting thonos and spiinteni, with as much indiffereoee as thoogh the operation 
were performed on somebody else. It is» bowever> an indication of approadi* 
ing deatli when they lose their apj)etite. 

Their medical art is very limited, consistinp^ almost exclusively, whatever 
the character of the disease may be, in the practice of binding, when feasible, 
a cord or eoarse ropo tightly aronnd the affected part of the body. • Someiaines 
th^ make use of a kind of bleeding by cutting with a sharp stone a few BBiaU 
openings In th(^ inflamed part, in order to draw blood and thus relieve the 
patient. Thf*iu_r1i every year a number of Galifornians die by the bite of the 
rattlesnake, their only remedy against such accidents consists in tightly bind- 
ing the injtu^d member a little above the wound towards the heart ; but if As 

Eart wovmded by the reptile is a finger or a hand* they simply cut it off, and I 
new several who had performed this cure on themselves or on individuals of their 
families. Now-a-days they beg in nearly all caaeB of disf ase for tallow to rub 
the affected part, and also for Spanish snuff which they use against headache 
and sore eyes. Excepting the remedies just mentioned, they have no appU- 
aneee whatever agatnat nloers, woonds* or other exteraal injuries, and far ten 
against internal disordera; and thoogh they may repeatedly have seen the 
missionary using sorac simple for removing a complaint, they will, either from 
forgr't fulness or indolence, never employ it for themselves or others* bat always 
apply to the missionary again. 

They do not, however, content themselves with these natural remedies, hat 
have aJso^roeoorse to BHpematiiral means, whieh certainly never brought aboot 
a recovery. There are many impostors among them, pretending to possess the 
power of curing diseases, and the iprnorant TtuIvitis have so much faith in their 
art that they send for one or more ol these scoundrels whenever they arc indis- 
posed. In treating a sick person, these jugglers employ a Bmali tube, which 
they use for sneking or blowing the patient for a wmle* making, also, vaxioiis 
grixnaces and muttering something which they do not trndiNrstand themselvast 
until, finally, after much hard breathing and panting, they show the patient s 
flint, or some other object previously hidden about their persons, pretending to 
have at last removed the real cau^o of the disorder. Twelve of these liai'S 
received one day, by my orders, the punishment they deserved, and tho whole 
people had to promise to desist in fiitore f^m these practices, or else I woold 
no more preach for them. But when, a few weeks afterwards, that individual, 
who first of nil luid engaged to renounce the devil, fell sick* he Wnt inUDS" 
diately a^n for the blower to perform the usual jugglery. 
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It is to be foarod thnf jaome of tliose who are 8eizn(l with illnesp far from the 
mission, and not carried thithCT, are buried alive, c.><pecially old people, and 
such as have few relations, for they are iu the habit of digging the grave two 
or libree dajs before the patient breathes his kst. It seems tMioas to them to 
spmid much time near an old, djing punoa that was long ago a burden to them 
and looked upon with indifference. A person of my acquiuntance restored a 
pirl to life that was already bound up in a deer-skin, accorrliTipr to their custom, 
and ready lor burial, by administering to her a good dose of ciiocoiate. She lived 
many years afterwards. On their way to the miesion, some natives broke the 
neck of a blind, bicIe old woman* in oidor to be spared the trouble of carrying 
her a few miles further. Another patimti being much annoyed by gnatSf whieh 
no one felt inclined to keep off from him, wa^ covered up in such a manner 
that he died of t^ufi'ocation. In transporting a ])atient from one place to 
another, they bind him on a rude litter, made of crooked pieces of wood, which 
would constitute « perfect rack for way but Indian bones, the eanieis being in 
the habit of running with thehr ehaawe. 

Concerning their consciences ana eternity, the Califomians are perfectly 
quiet during their pickncss, and die off as calmly as though they were Biire of 
heaven. As soon as a person has given up the ghost, a terrible howling h 
raised by the women that arc present, and by those to whom the news is com-- 
mnnieated, yet no one sheds tears, excepting, perhaps, lihe nearest relationsy 
md the whole proceeding is a mere ceremony. But who would believe that 
Boine of tlieiii show a dislike to be buried according to the rites of the Catholic- 
rr 1 i L i >ii ? Having noticed that oortain individuals, who were dangerously sick*, 
yet still in possession of their faculties, objected to being led or carried to th& 
mission. In order to obtain there both spiritual and material assistance, I in« 
quired the cause of this strange behavior, and was informed they considered it 
as a derision of the dead to bury them with ringing of the beUsr chanting and 
other ceremonies of the Catholic church. 

One of them told me they had formerly broken the spine of the deceased 
before burying them, and had thrown them into the ditch, rolled up like a ball,, 
bdiering that tiiej would rise up again if not treated in this manner. I saw 
tliem, however, frequently putting shoes on the feet of the dead, which rather 
seems to indicate that they entertain the idea of a journey after death ; but 
whenever I asked them why they observed this probably very ancient custom,, 
tboy could not give me any satisfactory answer. In time of nuporniag, botii 
men and women cut off their hair almost entirely, whieh formerly was eivea . 
to their physicians or ooi^nrerB, who made them into a kind of mantle or large 
wig, to be worn on solemn occasions. 

When a death has taken place, those who want to show the relations of the 
deceased their respect for the latter lie in wait for these people, and if they 
pass they come out from their hiding-place, almost creeping, and intonate a 
moumiul, plaintive, ku, km, ku/ wounding their heads idu. pointed, sharp 
stones, until the blood flows down to their shoulders. Although, this barbarous- 
custom has frequently been interdicted, they are unwilling to discontinue it. 
When I learned, a few years ago, that some had been guilty of this trans- 
gression after the death of a certain woman, I left them, the choice either to. 
submit to the fixed puiushment or to repeat this mourning ceremony in my 
presence. They chose Ae latter, and, in a short time^.! saw the Uood trick- 
ling down from their lacerated heads. 

CHAPTER VIII. — THBIR QVALIFlCATIOSa AND MANNERS. 

From what I have already said of the Californjans, it might be inferred that 
they are the most unhappy and pitiable oi oU the children of Adam. Yet 
mek a supposition would be utterly wrong, and I can assure the reader that, 
as fiir as meir teaipoial ooaditioii is coneecned* th^j lire unquestionablj muelk 
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bappicr {han tlie civilized inliabit-mta of Europe, not excepting tli08C wLo peem 
to enjoy all the felicity that life can afford. Habit render? n]\ things endurable 
and easy, and the Califomiau bleeps on the hard ground and in the open air 
Juet 08 well and soft as the rich European on the curtained bed of down in his 
'splendidly deoomted apartment. Thronghont the vhole Tear nothing hcippens 
that causes a Galifomian trouble or rexatioiii' nothings that renders bis life cnsi- 
bersome nv<\ d^atb desirable; for no one bfira?pea and perseeutcs him, or car- 
ries on a 1 L .v- iit a£*ainf»t him ; neither a liail-.stonn nor an army can lay u'aste 
his fields, iud he is not in danger of having Ids housu and barn destroyed by 
fixe. Envy, jealouBj, and slander embitter not his life, and lie is not exposed 
to the fear of losing what lie ptesesses, nor to the earo of increasing it. No 
creditor lays claira to debt? ; no officer extorts duty, toll, poll-tax, and a hun- 
dred other tributes. There is no woman that spcnd.^ more for dress than the 
income of the husband allows ; no husband who gambles or drinks away the 
money that should serve to support and clothe the nmily ; there are no chUdren 
to be established in life; no oaoghters to be provided with husbands; and no 
prodigal sons that heap disgrace upon whole fendlies. In one word, the GaU- 
fornians do not know the meaning of mntm and tunm, those two ideas wliich, 
accordinii: to St. Gregory, fill the few days of our existence with bitterness and 
uncountable evils. 

Though the CalifennaDS seem to possess nothing, they have, neverthekss, 

dQ that they want, for they covet nothing beyond the productions of their 
poor, ill-favored country, and the?e are always within their reach. It is no 
wonder, then, that they alwaj^s exhibit a joyful temper, and constantly indulge 
in meniment and laughter, showing thus their contentment, which, after all, is 
the real source of happiness. • 

The OafifemiaDS know rery little of arithnietae, some of them bein^ vaaUe 
to count fbrth^ than mo;, while others cannot numbcar bcn^nd three, insqnnieh 
that noiio of them can say how many finj^rs he has. They do not possess 
anythiu-^ iliat is worth counting-, and hence their indifference. It is all the 
same to theia whether the year has six or twelve months, and the month three 
Or thirty days, fbr every day is a holiday with them. They eare not whether 
they hare one or two or twelve children, or none at all, since twelve oaase 
them no more expense or trouble than one, and the inheritance is not lessened 
by a plurality of heirs. Any number b(!youd six they express in their lan- 
guage by mmhi leaving it to their confessor to make out whether that number 
amounts to seven, seventv, or seven hundred. 

.They do not Icnow what a year is, sad, consequently, cannot say when it 
b^ins and ends. Instead of saying, therefore, "a year ago,'* or •♦during this 
year," the Califomi ins who speak the Waicuri lanp:nage use the expressions, 
it is already an ambia paM, or, during this nmhia, the latter word signifying 
the pitahaya fruit, of which a description has been given on a previous page. 
A space or three years, therefore, is expressed by the term " three pitahayas 
yet they seldom make'^nse of snch phrases, beeanse they hardly erer apeak 
among themselves of years, but mereh- say, "long ago," or, "not long ago," 
being utterly indifferent whether two or twenty years hare elapsed sin re the 
occurrence of a certain event. For the same reason they do not sjx ak of 
months, and have not even a name for that space of time. A week, however, 
they call at present amhuja, that is, "a house," or a place whore one resides,*' 
which name they have now, -per antonomastam, bestowed upon the church 
They are divided into bands, which alternately spend a week at the mission, 
where they have to attend church-service, and thus the week has become 
among them synonymous with the church. 

When the Otdifomisas visit the missionary for any purpose, they are per- 
fectly silent at firsl^ and whetl asked the cause of their visit, their first answer 
is vkra, whieh mmtM '*BOthing.*' Having albcrwaids jdelivevod their tpeeol^ 
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lik^y dt down, unasked; in doing wliicli the women stretcb oat tbeir hgn, white 
the men cross them iu the oriental fashion. The same habits they observe 
alfo ill the cliurcli and elaewhere. Thej salute nobody, such a civility being* 
uuknowu to them, and they have no word to express gjreeting. If souiethin^ 
18 oommuniMted to them whieh they do not lik^ they spit out sideways and 
scratch the ground widi their left foot to express their displeaanre. 

The men carry every thin on their heads; the women uear loadt* on their 
bac ks suspended by ropea that pa^s around tbeir fon heada, and iu order to 
protect the skin from injary, they place bjitweeu the forehead and the rope a 
pieee of natuined deer-hidief whioh xeaehes considerably aboye the head, and 
TCsembles, fiom afiv, a. helmet, or the high head-dress worn by ladies at the 
ppoeent tune. 

The Oalifomians have a preat predilection for singing and dane'n-^*, which 
are always performed together ; the first is called ambrra ditt, the latter ay^narf . 
Their diugiug is uothing but an inarticulate* unmenuiug whihperiug, murmur- 
ing, or shonting, which oiie intonates aeeording to his own inclination, m 
ord< r to express his joy. Their dances comiist in a fooHsh, irregular gesticu- 
lating and jumping, or advancing:, n.-treating, and walkinj:; in a circle. Yi.'t, tliey 
take .<uch delif;;ht iu these amusement.-i that they speud whole nip;ht.^ iu their 
perl'ormauce, iu which respect they much resemble Europeans, of whom cer- 
tainly more have kflled tnemsdves during Shrove^e and at other times by 
dsacing, than by praying and fasting. These pastimes* though innocent in 
themsuveSr had to be rigidly interdicted, because the grossest jUsorders and 
vices were openly perpetrated by the natives during.thc performances ; but it 
is hardly posgible to pnivent them from induigiujn: iu their t*j)ojt.-^. While 
speaking of these exercises of the natives, I will al^o meutiou ihut tlmy are 
exceedingly good mnners. I would gladly Iiave yielded up to them my three 
horses for consumption if I had been as swift-footed as they ; for, whenever I 
travelled, I became sooner tired with rifliii;:: tli-ii^ they with walking. They 
will run twfnty leagues to-day, and return to-morrow to the place from whence 
they it«iaried wiihuut showing much fatigue. Behig one day on the point of 
setting out on a journey, a little boy expressed a wish to accompany me, and 
when I gave him to understand that the distance was long, the business press* 
hig, and my horse, moceovca-, very brisk, he replied with great promptness ; 
"Thy horfie will become tired, but 1 will not.** Another time I sent a Woy of 
fourtei'U years with a letter to the neighboring inisHion, situated six li ii^aes 
from my residence. He started at seven o'clock iu the morning, and when 
about a league and a half distant from his place of destination, he met the mis- 
alflnary, to whom the letter was addressed, mounted on a good mule, and on his 
way to pay me a vi.sit. The boy turned round and accompanied the missionary, 
with whom lie arrived about noon at my mission, having walked within five 
hours a diiitauce of more than nine leagues, 

W iih boys and girls who have arrived.at the age of puberty, with pregnant 
women, new-bom children, and women in child<bed, the Califonuans observed, 
and t^till secretly obsftfve^ certoin absurd ceremonic of an unbecoming nature, 
which, foi» this reason, cannot he flf•^'^ribed in this book. 

There existed always among the C;tiifornianB individuahs of both sexe.-* who • 
played the part of sorcerers or coiyurers, pretending to possess tlio power of 
exorcising the devil, whom they never saw; of curing diseases, wmeh they 
never healed; and of producing pitahayas, though they could only eat them. 
Sometimes they went into caverns, and, changing their voices, made the people . 
believe that they conversed with some spiritual power. They threatened also 
with t-unitui and diseaties, or promised to drive the small-pox and similar plagues 
away and to other places. When these braggarts appeared formerly in their 
gals apparel, they woie long mantiles made'Of human hair, of «which (he mis- 
sbnaries brnmed .a gnat number in all newly estobUshcd missions. The object 
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of tbese impostors was to obtain tbeir food wttboilt tbe trouble of gaibcring it 
in tbe fields, for the silly people provided tbem with tbe best tbey could find, 
in order to keep tbem in good Immor and to enjoy tboir favor. Tbeir influcuco 
is very amuW now-a-days; yet the t^ick do not cease to place tbeir coiifideQce ia 
tbem, as I mentioned in tbe preceding chapter. 

It might be the proper time now to speak of the form of go^emmrat and 
tbe religion of the OalifomianA previous to their converrion to Cbristiauity; 
but neitlier the one nor tlin other existed among them. They had no magis- 
trate.-<, no police, and no ]aw.s ; \doh, temples, rcli^^ious worship or cereua"i!i>s 
were unknown to tbem» and they neither believed in the true and only God, 
nor adored false deities.* They wete all equals, and every one did aa he 
pleased* withont asking his neigbbororcaringfor his opinion, and thus all vices 
and misdeeds remained unpunished, excepting such cases in which tbe ofiFended 
individual or liis relationn took the law into their own bands and revcnj2:ed 
themselves on the guilty party. The different tribes represented by no means 
communities of rational beings, Y'bo submit to laws and regulations and obey 
thdr superiors, but rMembled far more herds of wild swine, which run about 
according to tbeir own lilcing, being together to-day and scattered to-morrow, 
till they mvvt again hy acc*id(>nt at fomo future time. In mio word, tbe Cali- 
fomiana lived, salva venia, as though they bad been ireetiiiukera and materia 
alists.t 

I made diligent inquiries, among those with whom I lived, to ascertain 

whether they bad any conception of God, a future life, and their own souls, but 
I never coiikl discover tbe slightest trace of such a knowledge. Tbeir language 
has no wordn fur ''God" and "sonl," for which reason the misstonarics were 
compelled to u^e in their sermons and religious insiructions the Spanish words 
Dios and ahna. It could hardly be otherwise with people who thought of 
nothing but eating and merry-making and never reflected on serious matters, 
but dismissed everything that lay beyond the narrow compass of their concep- 
tions with the phrase aipekeriri, which means **who knows that?" T often 
asked them whether they had never put to themselves tbe question who might 
be the creator and preserver of the sun, moon, stars, and other objects of nature, 
but was always sent home with a vara, which moans "no" in their language. 

CHAPTER 1X4 — ^UOW TBEY LIVED BBPOBB AND AFTER TBEIR CONVERSION. 

I will now proceed to describe in a few words in what manner the uubap- 
tized Califomians spent their days. 

In the evening, when they had eaten tbeir fill, they either lay down, or sat 
together and chatted till they were tired of talkinp-, or liad communic;it( (l to 
each other all tliat they knew for the moment. In th<! inorninir tbey 8lt?pt until 
hunger forced them to rise. As soon as tliey awakened, the eating recom- 
menced, if anything remained; and the laughing, talking, and joking were 
likewise resumed. After this morning'prayer, when tbe sun was alrexidy some- 
what high, the men seized their bows and arrows, and the women bitciied on 
their yokes and turtle-shells. Snmc w<'nt to the rip^ht, others to the h'i't; here 
six, tlicre four, eight, or three, and sometimes one alone, the different bands 
always continuing the laughing and chattering on tbeir way. Tbey looked 
around to espy a mouse, lizard, snake, or perhaps a hare or deer; or tore up 
here and there a juka or other root, or cut off some alods. A part of the day 



* Arxording to Father Piccolo, tho Califomians worchipped Uie moou ; ainJ Yt-negas 
mentiuus the belief iu a good and bfid priuciple as prevailinj^ among the Pericnea and 
Cotchimies. — (IVaitz, Anthropologic der KaturvdlkcT^ vol. iv, p. 250.) Tbe»o statciueuts 
are emphatica,]ly Refuted by Baegert in his first appendix, p. liJo, where h& Bays: '*it is not 
true that thejr i« orelupped the moon, or practiced way kind of idoialr/." 

t This is literally ius expression. 
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AoB spent, a pause wtt made. They sat or lay down In the shade, If the/ 

happened to find .any, without, however, allowing tlieir tongues to come to a 
staud-still, or they played or wrestled with each other, to find out who was the 
gtroiigf'st among tht m and could throw his adversaries to the ground, in which 
eport the women likcwisic participated. Now they either returned to the camp- 
ing-place of the preceding night, or went a few leagues further, until they came 
to some spot supplied with water, where they commenced singeing, bnmii^, 
roasting* and pouuding the captures they had made during the day. They ate 
asMong as they bad anything before them and as there was room in their sto- 
machs, and alter a long, childish or indecent talk, thoy botook themselves to 
rest again. In this manner they lived throughout the whole year, and their 
conversation, if it did not torn on eating, had always some childish trick or 
knavery for its subject. Those of the natives who cannot be put to some use* 
liol labor* while living at tiie mission, spend their time pretty much in the same 
way. 

Who would expect, under these circumstances, to find a spark of reli- 
gion amon^ the Oalifomians? It is true, they spoke of the course taken by a 
deer that had escaped them at nightfall with an arrow in his side^ and wmxik 
lihey intended to pursue the next morning, but they never speculated on the 
course of the snn and the other heavenly bodies; they talked about tlueir pita- 
hayas, even long before tliey were ripe, yet it never occurred to them to think 
of the Creator of the piuhayas and other productions around them. 

I am not unacqnainted with the statement of a certain avdior, according to 
whi^ one Oalimrnian tribe at least was found to possess some knowledge of 
file ifUBSmation of the Son of God and the Holy Trinity ; but this is certainly 
an error, considering that such a knowledge could only have been imparted by the 
preachers oi" the Gospel. The whole matter doubtless originated in a deception 
on the part of the natives, who are very mendacious and inclined to invent 
stories calcnlated to please tha missionary ; while; on the other hand, every one 
may be easfly deceiv^ by them who has not yet f(jund out their tricks. It is, 
moreover, a very difficult task to Ifnm rmything from them by inquiry; for, 
besides their sliameless lies and u].i]! cessarily cva^^ive answers, they entangle, 
from inborn awkwardness, the subject in q^uestiou in such a pitiable manner, and 
contradict themsdres so frequently, that the inqnirer is very apt to lose his 
jiatience. A missionary once requested me to find ont whether a certain 17. 
had been married before his baptism, which he received when a grown man, 
with the sister of M. A simple "yes" or "no" would have answered the 
question and decided the matter at once, liut the examinatioti Ia?ted about 
tnrce-quarters of an hour, at ihc end of which I knew just as little us before. 
I wrote down the questions and answers, and sent the protoool to the missionary, 
who was no more successful than myself in arriving at the final result, whether 
K. had been the husband of the sister of M. or not. So Gonfbsed are the minds 
of these Oalifornian Hottentots, 

Of baptized Indians, there resided in each mission as many as the missionary 
could support and occupy with field«!abor, knitting, weaving, and ether work. 
.Where it was possible to keen a good number of sheep, s^ning^wheels and 
looms were in operation, and the people rccdved more frequently new clothing 
than at other stations. In each mission there were also a number of natives 
appointed for special service, namely, a sacristan, a goat-herd, a tender of the 
sick, a catechiat, a superintendent, a iidcal, and two dirty cooks, one tor the 
Sliseionairy and the other for die Oalifomians. Of the fifteen missions, how- 
ever, there were only four, and these but thinly populated, which could support 
and clothe all their parishioners, and afford them a home during tlie whole 
year. In the other missionary stations, the whole people were divided into 
three or four bands which appeared alternately once in a mouth at the mission 
and encamped there for a week. 
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ISveiy day «l stmrise tikejF all Attended mass, durioit irhick they said their 

beads. Before and after mass they rQcited the Christian doctrino. drawn np 
for them in questions and answers in then* own language. An address or ex- 
hortation delivered by the missionary in the* same language, and lasting from 
half an hour to Uuree-quarters of an hoar> oondaded Ute religious eerrioe of 
the mofluxig. ThM ciwet, l»reak&flt waa §^vea to thoso irho were engaged in 
aoma work, while the others went where they pleased in order to gather their 
daily bread in the fields, if the misfaionriry was unable to provide them with 
food. Towards sunset, a signal witli ihi bell assembled them all agaiu in the 
ehureh to say their beads and the iitauy of Loretto, or to sing it on Suitdays 
and holidays. The bell was not only rung three times a day, as usual, Imt * 
also at three o'clock in tbo afternoon, in honor of the agony of Christ, and also» 
according to Spanish custom, at eight o'clock in the evening, to pray for the 
faithfal departed. When the week was over, the parishiorters returned to their 
respective homed, some three or six, others £ileea or twenty leagues distant 
from the nussion. 

On the principal holidays of the year, and also dttriog paashm-weeh, aQ 

members of the community were assembled at the mission, and they received 
at stich times, bet^idcs their ordinary food, pome head of cattle and a good sup- 
ply of Indian corn for consumption; dried ftjrs and raisin.-? were also given them 
without stint in ali mia^icms where such iruii was laii^ed. On these occasions, 
artieles of fbod and apparel weie likewise pat np as prizes for those who were 
winners in the games they playedt or excelled in shooting at the target. 

JTidcals and superintendents, appointed from among the different bands, pre- 
served order within and without the mission. It waa their duty to lead all 
those w ho were present to the church when the bell rung, and to coHect and 
drive in to the mL»2U0u that portion of the community which had been roaming 
for three weeks at large. They were to proTeat diswders, publie seandals ana 
knayeries, and to enforce decent behavior and silence during chureh-servise* 
It was further their duty to make the converts recite the catechi^^ni laoming 
and eveniug, and to say tlieir beads in the fields; to pnrti:*h slight tr.ins'j^res- 
iuons, and to report more serious offences at the proper place; to take earo of 
those who fen slcfc in the wildmess, and to eonvey them to ike mission, &^ 
&c. As a badge of their offiee they carried a cane which was oil^n silrer- 
headed. Mot^t of them were very pcood of their dignity, but only a few per- 
formed their duty, for which reason they received their flogging oftener tnan 
the resft, and had to bear the blows and cufld, which it was their duty to admin- 
ister to others.* There were also uiiechisls appointed upon whom it waa in- 
eomhent to lead the prayerst and to give instruetion to the most ignorant; of 
• the cstechvmens. 

Every day, in the morning, at noon, and in the evening, either the mia- 
sionary himself, or some one appointed by him, distributed boiled wheat or 
maize to the pregnant women, the blind, old and infirm, if he was unable to 
feed them all ; and for those who were sick, meat was cooked at lea^t once 
every day. When any work was donOt all engaged in It were fed three times 
a day. x et their labor was by no meana aeveie* Would to Grod it had heen 



* On a preceding page (be author gives, not exaellj fn tho proper place, tbo foUowiur 

particulars conccmiDg the penal luw ostablLslu'd nmong^ tlie Cuiifonnr.Tis : "In cases of 
extraordinary crimes, the punishmi-ut of the liutivcs was tixed by tliti royni offloer who com- 
mauded the Califoraian squadron; common misdeeds fell witnin the jurisdictiou of die 
corporal of the soldiers stationed in each mission. Capital punishment, by shooting, vfta 
only resorted to in cases of murder; all other transgress] o us were either puuished by a 
number of lashes admiuistered with ii leather whip ou the bare skin of the culprit, or Lis 
feet put in iron* for some days, weolu, or months. Aa to ecclesiastical punishments, the 
BoDum pontHft did not think proper to intiodiwe them among the Americans, and iines wem 
likewise out of tlu jucstion, in accordanos with ths oldQflacmaa prafsrhs *WlNBithHsiS 
notjiing, tho emperor has no T'gh*ff«' '* 



« 



Digitized by Google 



393 



possible to make them work like the countrj people and mechanics in Germany ! 
How many knaveries and vices would have been avoided every day ! Tlie 
work always commenced late, and ceaaed before the sun was down. At noon 
tbey rested two hours. It is certain that six laborers in Germany do more 
wcani in six days than twdve Galifornians in twelye days. And, moreover* all 
their labor was for thdr ©wn or their countrymen's benefit ; for the missionary 
derived nothing but care and trouble from it, and might easily have obtained 
elsewhere the tew bushels of wlieat or Indian corn which ho needed for his 
own ooiisumption. . 

For the rest* the misdonary iras the only refn^ of the email and grown, 
the sick and the healthy, and he had to bear the burden of all concerns of the 
mission. Of him the natives requested food and medicine, clothing and shoes, 
tobacco for pmokiii" j^nd snuffing, and topis, if they intended to manufacture 
anything. Uc had lo settle their quarrels, to take charge of the infants who 
had lo»t their parents, to |)rovide for the sick, and to apj^oint watchers by the 
dying. I have known musionaries whci seldom said their office while the snn 
shone, so much were they harassed the whole day. Fathers TJgartc and Dmet, 
for instance, worked in tli^" tiiM-, exposed to the hot nun, like the poorest 
peasants or joiirneymen, t^tandm^ in the water and mire up to tlieir knees. 
Others carried on the trades of tailors and carpenters, maisons, brick-bm^uers 
and saddlers; they acted as physicians, surgeons, organists, and schoolmasters, 
and had to perfoxm the duties of parents, guardians, wardens of hospitals* 
beadlv'?*, and many others. The intelligent reader, who has so far become 
acquainted with the condition of the country and its inhabitants, can easily 
perceive that these exertions on the part of the missionaries were dictated by 
necessity, and he will, also, be enabled to im^^ine in what their rents and reve- 
nnes» in Califonua not only, jbnt in a htmdred other places of America, may 
have'consisted, • 

OHAFTBK Z^— THUS LANGUAOB, 

The account ihtts &r given of the character and the hahits of the Oslifor- 
nians will, to a certain extent, enable the reader to form, in advance, an esti- 
mate of their language. A people without laws and religion, who think and 

speak of nothing but their food and other things which they have in common 
with animals, who carry on no trade, and entertain no friendly intercourse with 
neighboring tribes, that consist, like themselves, only of a few hundred souls 
and always remain within their own small district, where nothing is to be seen, 
bat tiboms, rocks, game, and vermin, such a people, I say, eaimot be expected 
to" ppeak an elegant and rich language. A man of sixty years ran away from 
my mission with hia son, a boy of about six years, and tbey spent live years 
alone in the Galifornian wilderness, when they were found and brought back to 
the mission. Every one can imagine how and on what subjects these two her- 
mits may have conversed in their daily intercourse. The returned lad, who 
had then neatly reached his twelfth year, was hardly able to speak three words 
in succession, and excepting water, wood, fire, snake, mome, and the like, ho 
could name nothing, insomuch that he was called the dull and flamb Pablo, or 
Paul, by his own countrymen. The story of this boy may almost be applied 
to the whole people. 

Leaving aside a great many dialects and offshoots, six entirely d^erent 
languageti have thus far been discovered in California, nam(!ly, tlio Laymdna, 
about the raissiou of Loreto; the Cotshimi, in the mission of JSt. Xavier, and 
others towards the north ; the Uuhiti and the Pericua in the south ; the still 
unknown language spoken by the nations whom Father Lmek visited in 1766, 
during. his exptoratiMi of the northern part of the peninsula; and, lastly, die 
Wateuri laagoage, of which I am now about to treat, having learned as much 
of it as was necessary for cbnveising with the natives. 
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Tho Waieini knguage* {ft Sf an exceedingly barbanms and nide descriptloii, 
by whicli rudeoeBBt bowevcr, I do not mean a hard proounciaUon or a Boe* 

cession of many consonant?, for these qualities do not form the espencc of a 
language, but merely its outw.nrd character or conf'ormatiou, and are more or 
less imaginary, as it were, amou^ those who are unacquainted with it. It is 
well knoim that Italianfl and Frenchmen conftider the G^erman language aa 
barbaronB, while the Gennaus have the like opinion of the Bohemian or Polish 
languages; but these impressions cease as soon as tlic reach men or Italians 
can converse in German, and the Gennsms in the Bohemian or l*olish tongues. 

In the Waicurialphabet the letters o^figtl, a;, ar are' wan ting, also the *, except- 
ing iu the Uh ; but the great deficiency of the language consists in the total 
abaenee of a great many words, the want of which would seem to render it 
almost impossible for reasonable beings to converse with each other and to 
receive instruction in the Chrii^tian religion. For whatever is not substantial, 
and cannot be seen or touched or otherwise perceived by the senses, has no 
name in the Waicuri language. There are no nouns whatever for expressing 
Tiitnes, yices, or the different disnoaitionB of the mind, and there exiat onlyu 
few adjectives of this class, namely, meny, sad, lazy, and oMgrf, all of which 
merdy denote such humors as can be perceived in a person's face. All tenaa 
relating to rational human and civil life, and a multitude of words for signi- 
fying other objects, are entirely vranting, so that it would be a vain trouble to 
look in the Waicuri vocabulary for me following expressions: liitt death, 
weeOker, iime, cold, heat, world, rain, vnderttandimg, torn, memory, kmndedge, 
konar, deccnqf, consolation, peace, fuarrel, member, joy, imputation, mind, 
friend, friendship, truth, hashfuJtU'ss, enmity . faith,lovt, hope, wish, desire, hate, 
avs^er, gratitude, patience, 7n rrl: ?}*->. rnvy, industry, virtue, vice, beatUy, shape, 
sv kness, danger, fear, occasion, iktng, punishment, doubt, servant, master^ vir- 
gin, judgment, suspieum, happiness, happy, ruuonaMe, haahful, decent, clever, 
moderate, pious, obedient, rich, poor, young, M, agreeable, lovdy, friendly^ 
half, quick, deep, round, contended, more, less, to greet, to tha^, to punish, to 
be silent, to promenade, to complain, to worship, to douht, to buy, to fatter, to 
caress, to persecute, to du?eU, to breathe, to imagine, to idle, to iMSuit, to console, 
Co live, and a thousand words of a similar character, t 

The word Hving they hare neither as « nonn nor aa a Terh, neither la a 
ECatural nor a moral sense; but only the adjective alive. Bad, narrow, sJiort, 
di^tnnt, little, &;c., they cannot express unless by adding the negation ja or 
Ta\ to the words good, imde, long, vear, and much, l^hey have particular 
words for signifying an old man, an uid woman, a young man, a young wo/nan, 
and BO fctrth ; bat tine terms old or young do not exist in their language. The 
Wai'cm-i contains only four words for deiloting the diilerent colors, insomuch 
that the natives cannot distinguish in their speech ycUow fiom red, hloe from 
green, black from brown, white from asli-colored, &c. 

Now let the reader imagiue how diihcult it is to impart to the Calil'oriiian? 
fmy knowledge of Kuropeau affairs ; to interpret for them some article Irum, a, 



* Waicuri. ■ Father Begert's very carious account of the laogoage is eootamed oa p igj* 
177-rJl of the " Natliiiclitfn." It vompiisfs, besides the genorul remarks nu tlie char- 
acteriiitic icatuieii of thu lnugiiage, the Lord's Prayer and tho Creed, both with literal and 
free translations, and tho conjugation of a verb.— W. W. T. — TIa Literature of Amerkn 
Aboriginal Languages, by Hermann E. Ludetoig, writk Additrnm mud Corrutum$, hn Pimfknm 
WiUidiu W. Turner. London, 1858, p. 245. 

It may bo remarked in this pluco, that the author's name b printed in three different waji^ 
viz: Begtr, Begert, and Baegert, In. wiiting *^Baegart," 1 follow Waitz, who probabty 
gives the correct spoIUug of tbe name. 

t The author adds: **Aad sU nouiu Jn genenl t3iat end in Qmhw in JMi, M; mke, 
mtg, aud scka/L** 

fit will hardly be necessary to mention that the Witicvri woida mutt be proDounc<id as 
GermAQ. Excepting tbe tsch, which is replaced by the e^aivalenft ywyligh BOundtsk, the 
wUiqgraphy of the author haa stiictly been preserved. 
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Jladiiii uewspaj|jcr, if oue liappeua to be seen iu Califoniia a year or more alter 
its appearance ; or to enlarge upon the merits of the Saints, and to explain, for 
inatance, how they reDounccd all vanity*, forsaking prini^y possessiona and 
even kingdoms, and distributed their property among the poor ; how their lives 
were ppent in voluntary poverty, chastity, and humility; and, further, that 
ihey i^ubjected themselves for years to the severeftt penances, conquered their 
passipns and subdued their inclinations; that they devoted daily eight and 
ittpre hoars to prayer and contemplation ; that they disregarded worldlj eon- 
eems and even their own lives ; slept on the bare ground, and abstained (ram 
meat and wiup. For want of words, the poor preacher has to place his fiuger 
to his mouth in order to illustrate eating; and concerning the comforts of life, 
every Oalifomian will tcU him that he uevur, as long as he lived, slept iu a 
bed ; thai he la entirelj anaoquainted with each artieles as bread, wine, and 
beer; and that, excepting rata and mice, he hardly ever tasted any kind of 
meat. 

The above-mentioned and a great many other words are wanting in the 
Waicuri language, simply because those who speak it never use these terms ; 
their almost animal-Iikc existence and narrow compass of ideas rendering the 
stppfication of sneh expressions snperflnons. But concerning heat or eoli* ram 
or stdbKSV, ihey content themselves by saying, it is ioarm, it rains, this or 
tA^if person is sicJc^ and nothing else. Sentenc.es like the following : Tho 
sickucjjs has much wcakenrd a certain person;" or, "cold is less endurublo 
tlianheatj" or, "after rain followtj sunshine," dec, are certainly very simple 
In themselires and eorrent among all peasants in Europe, yet infinitelj abore ■ 
the range of thought and speech of the Oalifomians. 

They cannot express the degrees of relationship, for in8tance,ya^A^r, mothery 
sant brother, nor the parts of the human body, nor many other words, such as 
word or speech, breatky pain, comrade, Spc., singly and without prefixing the 
possessive pronouns mi/, thy, our, i/c. They say, therefore, beddre, eddre, tidr$, 
ktpeddrtf 9fe.t that is, my, iky^hut o«r fa&eri and hiem, eeue, tkutt kepecwt, 
that is. my, thy, his, our mother. So also mapd, elapa, tapd, that Is, my, thy, 
his foreliead. Mfnami^, einama, f inamu, th.it is, m//, t7/ i/, Jiis nose ; betania, 
eiania, tisJianta, my, thy, his ivurd ; mcntmhcu, cnejnhcu, tenembeu, my, thy, his 
pain, ifc. But no Ualiforuian who speaks the Waicuri is able to say what the 
words are, cue, apd, nam/i^ taniat and nembe^ express, for father, forehead, 
wordf or pain are significations which they never thought of using in a general 
sense, and far less has it ever entered their minds to speak, for instance, of the * 
duti^M of a father, of a gloomy, a serene, a narrow or largii forehead, or to make 
a long, a flat or an aquiline nose the flubject of their conversation. 

The Waicuri language is exceedingly deiicieut iu prepositious and coujuuo- 
tions. Of the first class of words, there exist only two that haye a definite ap- 
plication, namely^ Una* on or upon, and deve or tipiUheAt which is equivalent 
to the jdirasc on account of or for (propter.) The prepositions out, in, before, 
tJirovgh, with, for (pro,) against, by. are either represented by the words 
me,pe, and te, which have ail the same meaning, or they are not expressed at 
alL The article is entirely wanting, and the nouns are not decliiMd. 
conjunction Uhic, and, la always placed after the words which it has to connect ; 
the other conjonetions, such as that, Mii, iJian, became, neitker, nor, yet, as, 
though, Sfv., are all wantinjr, stkI likewise the relative pronouns which and tr^io, 
no frequently occurring in other languajxes. They have no adverbs derived 
Iroui adjectives, and hardly any of the pnuiitive class. The comparative autl 
snperlaliTe cannot be expressed, and even the words more and kee do not exist, 
ana instead of saying, therefore, Peter is fuller amd has more than Paul, tbey 
have to n o the paiaphrase, Peter it tail ami hoe nuieh, Paul is not tall aad 
has not much. 
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Pageing to the verbs, I will mention that these baire neither a conjonctivt 

nor a mandative mood, and only an impcrtcct optative mood, aud that tlie pas- 
sive fonn ia wanting as well as the reciprocal vero, which ia used in the Spanish 
and French languages. The verbd have only one mood and three tenses, viz^ 
a present, preteiit, and future, which are formed hy affixing certain endings 
to die loot of the verb, namely, ia the present re m rdcef inuid jfretitnirikin, 
ri0ere, raupe, or raitperef in the Ihtnrt; mr, yneje or intmit^ 

Sometimea the natives prefix the sylhible ku or a k alone to the pinral of the 
verb, or change its first syllable into ku ; for example, piahake, to fight, umutUj 
to remember, jakct to chat \ hot kupic^akct kumulu, and kudkCt when ther 
will indicate that thwo are several persons fighting, remembering, or chatting. * A 
few of their verbs have also a preterit passive participle; for example, Uhtp<ik9t 
to heat, tshipitshurre, a person that has been beaten, plural kutipau, Some 
noung and adjectives arc likewise subject to changes in the plural number, as, 
for iiii?Uiuce, dnai, woman, kdnai, women ; entudifu, nf;\y or bad, and entiidi- 
tdmma,i ba4 or ugly women. Be exprussttj I, me (mihi,) fne (me) and j^jf; 
e» means thou, tkee (tibi,) t/iee (te) and thv, and so on through aU the personal 
and possessive pionoans. Yet ieev» or Setieun signifies also my, mad ee&H <a 
eiticun, thy. 

Tlicy know nothing of metaphors, for which reason the phrase blessed is the 
fruit of thy womb in the "liuU Mary" has simpl;^ been replaced bj My child. 
On the other band tbej are very ingenious in giving names to objects with 
which they were before unacqnaint^, calling, rar Instances tbe door, jiumtk ; 
bread, tJic light; iron, t?ie heavy; wine, bad water; a gun, bow; the functioiv* 
aries of the raii-sion, bearers of canes ; the Spanish captain, wild or cruel ; oxen 
and cowg, deer ; horses and m\ilea titshenn-tsha, that is. child of a wise motJier ; 
and the mii>6iouary, in speaking of or to Liiu, Ua-^a-Lu.t which means ane who 
hoM-hU hoiue fa tM norm, ^» 

In order to converse in such a barb^us and poor language, a European has 
to ch-mj^e, as it were, his whole nature and to become almost a Calfomiau him- 
self; but in teaching the natives the doctrines of tho Christian roligion in their 
own language, ho is very oitcn compelled to make use of paraphrases which, 
when translated into -n ^vilised language, most have an odd and sometimes 
even ridiculous sound to Europeans; and as the reader mav, perhaps, be curi- 
ous to know a little moro of this peculiar language, I will give as specimens 
two irtielcs from the "WairnH catechii^ra, nnmcly, ike Lord's Prayer an'l t!ie 
Creed, each with a doublo interpretation, and also the whole conjugation of the 
verb amukiri. | 

Concerning this Oalifomian Lord's Prayer and Creed and tbeir interpreta- 
tidns, the reader will take notice of the foUowiDg explanatory remarks : 

1. The first tr.malation, which stands immediately under the Californian text, 
is perfectly literal and shows the structure of the Walcuri language. This 
version must necessarily produce a bad eilect upon lluropean oars; whereas ihe 
second translation, which is less literal and therefore more intelligible, may serve 
to convey an idea how the Waicnri text sounds to the natives themselves as 
well as to those who understand their idiom, and have become accastomed, by 
long practice;, to the awkward position of the words, the absence of relative 
pronouns and prcposiuous, and the other deficiencies of the language. 



* From the eoigngatiaa of the vaih rnmukiri^ given at the end of tbia chapter, it is evident 
that (Les(> piidiugs baveaojelweneeto die peiBin wniunWof tfa^ 
ferontly employed. 

f Thiseompomid wovd BhMtanatMwell the polysjnthfltfedHnnielMref ttftWAMrl hm^age. 

t Wu cciuuot l)C tm» thankful to FatluM- Biicffert, who, with all his oddity and eweuincity, 
has had the philological taste to preserve ana explain a specimen of U^e Waieuri — a £imr 
the greatw, as neilEer 7eiiagat w the polishad CUavigero ItM piMSmd any specioNO oi 
a Gdifomian laagiiage, mn^ lew a TWb in fiill. 
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2. The words Ao/y, dUcrcA, Godt ghoH, eommuniont grace, wiU, eran, nrgin, 
name, kdit kingdom, bnadt tntpdtBf UmptaHim, enatoTt JbrgivenesSf lifi, retwr- 
netioh Lord, daily, ABmighiif, third, ifc., are wanting in the Watewri iiiiigvage» 

and liave either been paraphrased, wlion it was feasible, or replaced by corre- 
sponding Spanish words, in order to avoid too len<;thy and not very intelligible 
sentences. Some words that could bo omittett without materially changing the 
sense, sach as daUy fai the Lord's Prayer, and Lord in the Creed, have been 
entirely droj^ed. 

3. The sentence "he shall come to judge the living and the dead" could not 
be literally translated, because the Calitbrnians arc unable to comprehend the 
moral and theological sense of that passage and others of similar character. 
Nor could they be taught in the Creed that the flesh will lire again, for by 
**fleBh" they understand nothing bat the meat of deer and cows. They would 
laugh at die ide^ that men woie.alao flesh, and consequently be led to believe in 
the resurrection of deer and coiri» iHisn they were told tmkt the flesh will rise 
4ga!n on the day of judgment. 

4. In the Waicuri language Heaven is usually called olno, thart is, the above j 
and also, bat less frequently, tekerdeidiaiemba, which means curved or arched 
earth or land, because the flrmament resembles a vault or ardh* Hell they have 
been taught to call the fire thaJt never es^pirti} but this expression is not em- 
ployed in the Waioori Creed. 

Tht Lord's Prager in the Walcwri language, vitk a UUnU tmm$lation, tkomng tfis ezaet 

Kepd-d<ra tekenikidatembil dar, ei-rf aUUnlk^pa-me, tidiAnTabi- 

Our Father arched earth thou art, thee O! that acknowledge all will, pmise 
pu-me ti tshie: ectu gracia — ri atiiine cat6 tekerek^datembil tshie; el- 
•11 will people and: thj naceOItliat have will in srelMdmrtb and; tb«6 

ri jebarrak^me ti pu jadpe datemb^, pAe el jebarrakf'ro, ru kr'a; kep«ciln bfio 
O ! that obey will meu all here earth, as thee obey, above are ; our food 
kepe k^n jatupe untAirl; eate kaitsbamkd MI tdiie k^>eeiin atap<mara> pile kaitsharrak^ 

us give this day; tis furpve thou and our evil, as forgive 
cat5 tshie c^vapo atukiara kepetiyakd ; catd tikakamb4 tei tshie cavumerd catd ad 
we also thoj- evil us do; ua help thoaaod dMbawUlnot weanytiiing 
atuki^ra; kepe kaknnj^ pe atac/ira tshie. Amen. 
evil; us protect from evil and. Amen. 

Tkemmimml$$$IU»riitramtteHem, « 

Onr Father, Thon art in the Heaven ; O that all people may acknowledge and praii^e Thee ! 
O that we may have Thy grac« and Heaven ! O that all nwn mt\y oboy Thee her© in the 
world as obey Thee who are above i Our food |nv« us on this day, and ibrgive as oar sins, 
as we also roigrro those who do at ham; aoa help us that we auj not desire anything 
■iaflil, and protect as tom-vriL Amen. 

The ttoelve articles of tlie Creed literally translated, 

Irim/lnjnre p?! Dios Tiare nretl-pu-pududnc, tUnpe me buari nretirildri 
I believe iu God his Father make all cau, this of nothiug has made 
tflkerek^datemblt atemhft tshie. Irlm^njure tHhtc pe Jesu Christo titsbdnu ibe te 
arched earth earth and. I belioye ah»o m Jesns Christ bin son nlnnc — 
tidre, 6te punj6re po Efniritu Santo, podira t«hie me Santa Maria tirgen, 
his father's, man made oj Holy Ghost, bora and of Saint Mary virfrin. 
Irimdiyaie tshie tAa-T^repe Jesu Christ0 hibitsherikiri tenemboft apilnne iebitah6ne 
I believe also tUs fame Jesni Chilst raffered has his pain great commanding 
tdmtue po Judta Pontio Pilato; kutikUrre rikiri tina rrwr, pibiklri, Kpjrnjilta rildri 
being m Judea Pontius Pilate ; extended been on cross, has died, under earth buried is 
tabia; keritsbfo almbi b^njn; meakthijii vnlilri tipd-|gl mdm ttp» rifcfri; tshuklti 
also ; g'tno down earth bolow ; three days ahvo again baa been ; gone up 
tokerekftdatemb^ penek4 tshie me titshakoU te Dim Wkn areti-pu-padui6ne» 
•rdMdaarth, sits bis lightbaiid of Gad UsMMraasln all eao, 



Digitized by Google 



398 



THE IBOBIOINAL INHABITAKTS OF 



aiptreve te&lde utouri-ku-m^e atacilmoaa atftc^mmara U Uhie* IrimlUijiLre 
fromthraee reward g^ive come will guod bad men also. Ibeliev« m 

£$piritu Sqnlo ; irimdojure opl ffunta fglesia catholic a, communion te kuTiinkardO. 
lioljr Ghost; I belieri there is Uolj CaiboUc Church, cvmmuniou — watched 
A tshie^ IrtmHiijara knitsbank^ IMot k«mb<te-d!di-ra, lEut6Te.4idi-re ti tebfo 

Esoplc also. T believe forgive will God hate well, conross well men and 
ciia ataciituinara p4uue pu. Iiimaujurti tshie tipd tshetshutip^ me tibikfu ti pii; 
Ibeir baci groat all. I believe and aliTQ again will be dead people all; 
enjdmo tlpe d/^i nicjo tuciva table. Amen, 
tboa alive ever will be the same abo. Amen. 

I believe In God the Father, who can make ererjthing ; he \am made of noti^f^ Heaven 

and earth, T believe iilso in Jesus Christ, the onlj Sou of his FHtlu r ; win inado man by 
the Holy Gh<^t; was bom of tbe>Vi]|^ii Maiy. I believe also tliis same Jesus Cbriiit 
snffered great pain while Pontim Pibtte was commandhsg in Judea; he was extended on 
the. cross ; In* diet! and was buried ; hf* went below tho earth; he becarnr alivr again in thr-y 
days: Iw weut up tu Iluuvea; ho sitteth at the right hand of God bia Father, who can make 
everything; he will come from thence to give rewards to the good and bad. I believe in the 
Holy Gho^^t; I believe, there is a Holy Catholic Church and comrrmnion of the baptized. I 
believe God will forgive those men who thoroughly hate and thoroughly confess all tbeir 
great sins. I belief abo all dead men will oeeome alive atgatn, and then they will be 
Mways alive. Amen, 



COirJUQATION OF THE VERB AMUKIrI, TO PLAY. 

play, &e. 



U 
el 
tntaft 
Ffnr. catd 
petd 
tnciva 



thou 
he 
we 

you 
fbey 



'amukiri — re 



ei 
tntaa 
Flw. eatd 
peld 
tnciva 



^Mg. .b5 
ei 
tntAn 

petd 
tuciva 



Pnterit, 

haveplayedp d^ 

thou 



he 

we 
you 
they J 



amnkiri — riklri 
— rujere 
raupe 
rft6pere 



or 



S2 



FtUure, 



thou 



will play, dbe. 

tou 

he ( amnkfal— 4ne 

wo f ( — mdjo 
( — ^eme 



we 
you 
diey, 



Imperative. 

Sing, amukiri tei, play thon. 
Fiur, amnkiri to, pbiy yoiu 



ei — ri 
tul&u — ^ri 
Fiur. cat6— 
pet6 — 1 
taeiivi 



si 



<3!|iCaftea, 



amnkiri — rikirikiira 
or — ^nyerira 



r Would to 
God, I, 
thou, ho, 

I we, you, they 
had not 
plajed! 
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APPENDIX. 

Note on the Cora and TFaleuri languageif bg Fr'aneiseo Pimentel,* 

Father Ortf^ra rotVrs iu various places to the grammar of the Cora lanpxage wLicli he in 
tended to writu ; but the work, it' it was ever wiitteu, has beeu lost, since there is uo uu iitiuu 
of it, and it is unknown to bibliographers. 

The Cora dialect is known also by the names of Chora, Chota, and Najarita. This last 
name comes from the fact that it was spoken, aud i^ still so, in the mountains of Najarit in 
the State of Jalisco. There is another ii^om called Cora in California, which is a dialect of 
the Gnaicnra or Vaicura, differing from that spoken in JaUaco. I have compared vaxums 
words of the Guaicora and the Corm of Jalisco, and have found them entirely different. 

JExamples. 




Father 

Thou art 

AU - 

Man 

And 

Here 

Earth or world 

AboTe - 

Food 

To give ...... 

i>*y 

To pardon.... 

How .... ..... 

Obedient 

No 

Something.... 

I 

Thon 

He 

We 

You 

Tliej 

My 

Thy 

His 

Our 

For 

Upon ........ 

Crame 

Son 

Nose 



Tiytioppa 

Petehbe. .................. 

Alanalcmic ... .... «... 

Tevit 

Acta 

Yvo 

Chiaoicat.— .............. 

MebteH...p 

Gueahti 

Ta 

Xeneat 

Ataouniri .....•«..•.. 

Eupat ............ 

TeKsahoateacame.... ...... 

Ehe 

Titac : 

Neapae, nea ••••.••.«•••••. 
Ajitio, up. 

Achpu, uehp.. ............. 

Ytean 

Ammo, an 

A('hm0| aehm. ....... ...... 

Ne 

A 

Ana, hua 

Ta 

Kerne 

Apoau 

Ikluaitec 

Tiperie, tiyaoh. 

Tzoriti 



Are. 
Dai. 
Pa. 

Ti. 

Tschie. 

Taupe. 

Datemba. 

Aena. 

Bue. 

Ken. 

TTntaiiL 

KuitsdM. 

Pae. 

Tebainkera. 

Ra. 
Ue. 
Be. 

Ef. 

Tutan. 

Gate. 

Peti. 

Tucava. 

Be, me» mi, nu 

Ei, e, et. 

Ti, te, t. 

Kepe. 

Deve. 

Tina. 

Amnkiri. 

Tschana. 

Kama. 



Note relative to the Author. — ^Tho only facts concerning the author, which I was 
able to obtain while engaged in translating his work, are contained in De Bmektr** BiUio- 
IMmm du £mMtM de la Compagnie de Jenu, Liige 1859. Vol. v, p. 28. 

The author, whose name is given here as Jacob Begert, was born (17] 7) at Schlettstadt 
(UpjxT Rhine. ) Ho went to California in 1751 and preached the Gospel there till tbo deerc-o 
of Charles lU tore the Jesuits ftom their missioas. On returning to Europe, he retired to • 
Nenburg in Bavaria, where he died in the month of December, 1772. Clavi^ro stands as 
authority for ascribing the *' Nachrichten" to him, and it is also mentioned that the "Ikrliii- 
'sche litterarische Wochenblatt," (1777, vol. ii, p. 625,) contains an extract pf the work. 
Meiuera large work on Qerman anthon, entitled "Das golehite Dectschland," is givMi as 
the source from which these statements arn derived. 

The "Kachrichten" appeared first in print iu 177:2, the same year in which the author died, 
who oonseqnently eonla have snrrlved the pnblieation of his work only a short time^ The 
copy in my bauds, which was printed in 177S, is not properly a second edittan, hmftmeiely a 
xepnnt, in wliich the most glaring typographical errors are corrected. 



*BoletindeU Sodedhd MedMim deOeografiayEftaffitltea. lfeiioo» 1888^ tono Tlti. 
jnim. 11, p. 603» &g. 
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STUDY OF HIGH ANTIQrUITY IN EUfiOPE. 



BY A. MORLOT. 



FOR THB SMITHSONIAN INSTITUTION. 



It 18 well known tint in nmit conntries of Europe then are fbnnd azeiv 

wedges, hammers, knives, arrow-heads, &c., all of stone. The axes and wedges 
of Blone ar»» oft*ni called by the common people "thunderbolts," (a (1o«i<niatioil 
which Las also been applied to certain fossils, such as the belemnites;) and it is 
corioos to meet with that notion, not only iu Brazil, where it was probably 
introduced hj the PortoflieBet bnt even among Uie Iblaye* and the jKvaaeod, 
whUst the Japanese and tibe Ohineae werB these objects as relics of their 
ancf'f^tnrs.t The troth as to their m^'Hrtinp;- ?pomp to hnve rlawned but later in 
Europe. Thus when, in 1734, the antiquary and numiamat, Mahudel, read to 
the Acadfiiiij of Paris a paper "on the so-called thauderbolts/' showing that 
thej weie tiie first instnunenla nsed hj isian, he appeaia to have been reproac^ied 
for "not giving the reaeonst whidi ftove the impOBSibility of such stones being 
formed in the clouds." In 1758 there appeared a remarkable work by Gogue^ 
on the origin of the laws, arts, and sciencef, in which the matter is treatt d in a 
perfectly rational manner.} In the preface the author lays down a principle 
which deserves to be given textually : "When I met with an akiiodt total 
ahBeooe of &eta and historical monomeDts* partlcniarlj fat the first ages, I coa> 
suited what the authors tell os of the customs of savage nations. I thought 
that the habits of t?i08e people would furnish ^nre and coiTcct information con- 
cerning the state of the first tribes." Further on, (cliap. iv, book u,) Goguet, 
pointing to the stone axes and other objects of the same sort found in Europe, 
rccoguizes them as dmilar to those-df the savages, and as havuig been used oy 
wr ancestors, before the latter had become acquainted with metal. He then 
goes on to speak of the weapons, instruments, and ornaments of copper (bronze) 
met in certain old graves in England, Switzerland, Germany, and obirfly in the 
north, and he comes to the conclusion that copper (bronze) luis^ hwu used 
instead of iron, (a tenu lieu du /ei\J which he huds confirmed bv the most 
ancient historical traditions. Lestfy, he points out that im could only ^va 
^ been known and used later, because its common ores are not distinguished by 
* any striking appearance, and because this metal is much more difficult to pro- 
duce than copper, which is easily smt-lted. But Goguet was in advance of hia 
and his valuable archaeological remarks were lost to his contemporaries. 
Later came H. de Oanmont, who treated the matter in a first-rate manner. 
He perceived that stone implements had be«to the earliest in use* and that copper 



* Gwrgt Windsor Earl. "The Native Baoas of the Indian ^lafaipelagi^" liOndoD, 1883; 

and " Jonmalof the Indian Archipelago,'* vol. t, p. 84. 

t Von Sicbuld, •*Archief vor Besc hiijvin^ of Japan," quoted by Earl. 

tA. Y. a^ma, "I>erO«igiiie dM Lois, d«s AiU et de« Scienoe%" siztti ntiitkw 
Pteis, 1820. 
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and bronze had been introduced before iron. Borrowing, according to iii^ own 
adknowledgmen^ from the Lmguage of geologists, 'he inteodveea the happy 
expression of chronalcigical HorizotUt to inaicatc " the periods ia the history of 
art remarkable for levolutions or for notable changes in the fonns and the 

chaxacter of the monuments." Without pretending to lay down a general rule, 
allowing of no exception, and acknowledging that he owed the idea to Sir R. 
Hoare, M. de Cautnout also pointed out the following order of succession in the 
mode of burial : In tiie most ancient graves Uie body of the deceased has been 
doubled np, so as to bring the knees in contact with the chin, (as if to take up 
as little room as possible.) Lnter (during (lio bronze ago) the dead were usually 
burnt, (which loads to inter the worship of fire.) Lastly, the body was ofion 
laid in the grave, stretched out at full length. But, taken up bv his vast 
researches on the Homan remains, M. 'de Caum6nt treated of the olaer periods 
only in the first rolume of his lectures on monumental antiquities^a work 
which is in itself a monument of fame for its author.* 

Itwa3 reserved to the Scandinavian North definitely to open the proper track. 

Denmark and the youth of Sweden teem with antiquities strewed iu the 
ground, and with aacieut barrows or tombs, raised like hillocks above the sur- 
rounding level. These drew attention the more readily, as Roman civilization 
had not penetrated so far, and had not left those traces which, for a long time, 
exclusively fastened research in the more southern regions of Europe. 

At Copenhtigen, the Athens of the Scandinavian Noi lli, many began already, in 
the past century, to collect those axes and wedges of flint, which attract the 
crjre D7 their p^ct state of preservation, and hj tiieir natural lustre, tt waB 
a currrat idea among men of learning that these objects were symbols and 
implements used in the religious ceremonies and practice of the ancient heathens. 
. It was not ill-conceived. But imagination cannot replace induction. Hence it 
was an event of note when a simple merchant, M. Thomsen, whose t-alent of 
observation and rare practical tact, revealed by his ability in collecting coins, 
published in 1832 a paper on the antiquities of stone in the north,t showing 
that these objccta had been the tools and weapons of a people very 13te the 
modf»m savages, who are not acquainted with the ufe of metal. 

The activity of Mr. Thomsen remained concentrated ou the improvement of 
the museum, (Oldnordisk Museum,) which was confided to his care. Thanks 
to him, that establishment has grown to be what the Dunes maj well claim as a 
monument of national fame. With the view of furthering the interests of that 
museum, Mr. Thomsen published in 1836, again anonymously, a small practical 
guide for the study and preservation of northern antiquitios.f The book deserves 
particular notice, as being the first in which the chronological classification, 
formerly indicated by Goguet, and even hinted at by the Latin poet Lucretius, 
(De Rerum Natvroj lib. v,} is expressly laid down and actually carried out. 
In a chapter on the different periods to which the Pagan antiquities may be 
referred, Mr. Thom?en begins by speaking of the implements of stone, of which 
he had already treated in his first paper. He then shows that certain sepulchral 
chambers, formed of huge boulders, and in which the dead were deposited with- 
out being burned, contain the same stone implements, without any traces of 
metal. This furnishes him with his first period, which h> aW^ the Hone age. 
The author then goes on to show, as Goguet;, had already done, that copper and 
bronze mast have been in use before the iron, and he points out how cutting- 



* De Cfiu»'onL '* Couisd'Autiquitu.s MouumcutuKs, profcssd a Caen," G vols., with atlas 
of platen: vol. 1: Pans, 

f " Nnrdisk Tidsskritl tor O dkyndigbed," vol. 1 1 Copenhagen, 1832. Eighteen pages in 
ocUivu, with tin oe pltt'.es. Anonymous. 

t Ledetraad til JS'ovdisk Oldkyiidighed." Copenhagen, 1830. German edition : "Lcit- 
faden zur ^ordit»cUea Attertbamskuude." Copeubagcn, 1S37. English edition, by Lord 
Eilesmcio : "A Guide to Nortliem Antiquities. London, 1848. 
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implements add weapons of bronze idone* without aoTiron. are found in certain 
graves, diflFering from those of the preceding period, both by their structure 
and nho hy their dead having been burned Hence he deduces a second period, 
which he calls the bronze age. Next come» (he iron age, distinguished also by 
a new system of burial and by the first appearance of silver, which was wantmg 
in the bvonse age, though the latter already vorked goldl Thoa, what iron is 
now» and has long been» for industry and civilistation in general, bronze was 
formerly, and stone was still earlier. Mr. Thomsen nho points out, in his Guide, 
that no tracer of alphabetical inscriptions occur before the appearance of iron, 
and that each of the three periods is distinguLahed by ita peculiar style of orna- 
ment. 

While these labors were being prosecuted in Denmarhv others not less import- 
ant were undertaken in Sweden. Wm. S. Nilsson, professor of zoology at the 
flourishing University of Tyiinfl. began the publication of a great work, on the 
fauna of Scandinavia. Considering his subject from a coiupreheusive point 
of view, Professor Nilsson included in it man himself and his origin. Thia 
called his attention to the flint impleraenta, and he formed a co&ectiott of 
them, constituting now tlie chief ornament of the museum of Lnnd* He 
published his archnEological re ai < Ik-^ first as a chapter on the history of 
the chase and fidht ry in the Scandinavian North, inserted in the first volume 
of his Fauna, (Lund, ib'35,) and later, with more ample details, in a separate 
qnarto' volume, entitled *'The Aborigines of the Scandinavian Korth, a 
treatise of Comparative Ethnography and a contribution towards the History 
of the Development of Humanity/* This work, comprising 280 flgores* 
appeared at Lund, in four parts, from 1838 to 1843. The author handles his 
subject with all thf ^;i})eriority of real genius, expressing thought, deep and 
rich, iu a style characterized by noble simplicity, often verging on the sublime. 
The illoitrioiiB Swede begfaia by showing that ihe eomparative method of the 
natimdist must be applied to the study of the prehistoric ages* juat as has been 
done, when the geologist compared the extinct creations with our present organic 
world. He then applies that method, not in a general manner, as had been done 
before, but entering into all the details required by serious scientific research. 
He compares, one by one, the flint implements of the North with those of the 
savages. He also points out the striking analogy between the most aneient 
graves in Sweden and the modern bats of the Greenlanders, with a view to 
prove that the abodes of iho d -ad were imitrttpd froni tlie dwellings of the living, 
the primitive type of whii Ij seems to have been preserved to thia day in Green- 
land. Uemarkiog, that au ancient race canuot be determined by the siiape of 
its weapons and toolsi nor even by the style of its graves, but only by its osteo- 
logical charact^stics. Professor Nilsson takes a review of the skulls, and he 
shows that the type of the aborigines is still reproduced by the Laplanders, 
whose ancestors seem to have once held the whole North. He finally confirms 
this by a very curious inquiry into the traditions and myths of the North, apply- 
ing here, also, the principle of comparison, and showing, for example, how toe 
arrival of the first Enropeans had given rise, among the Esqniimtnx, to similar 
tales. 

The work in question, \t9 title proclaims, treats only of the primitive period, 
marked by the total absence of aU metal, and it contains only a few passing 
allusions to the later periods. 

In 1844 Professor Nilsson published at Lund a paper *' On the sncoessive 
periods of human development in Scandinavia, during the prehistorical ages.*' 
In this treatise, which is quite as remarkable as the first, although of much less 
extent, the three ages—of the stone, the bronze, and the iron — are at once 
recognized as established, and the author enters, respecting each of them, into a 
series of details, which constitute the main body of the archsQolosical principlea, 
sinee^then current in the North. Thns» when speaking of the bionse age, tho 
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author potaiti out ihe atrikinif imifoniiity of the bninse wenwiu in different 
parts of EniopOt and <bU leads him to the coneliuion that the dvilizati n r f 
that period must have spread from one and the same centre, situated, probably, 

somewhere on the borders of the Mediterranean. Th*^ nntlior further remarks, 
that the introduction of bronase, as also, later, the introductiuu of iron, coinciding 
with an essential change in the mode of burial, betrays a profound ehange, each 
time, in the religiom eTBtem. Henee the eonelnsion, that eaefa of those periods 
was marked hj the invasion of a new race^ or, to use the author's own terms, 
by afre.^h w.ivo of population; for we can hardly imagine that nations would be 
bronght to change their religion, simjOy hecau.^t? they had acquired a new metal. 

The considerable amount of labor rctj^uired by the publication of his Scandi- 
aavSaii finma oblised FtofesBor Nilsson to abandon the field of archsBologlcal 
inqtdiy. Bnt he liad laid the bioad and solid fonndatio ns of that combination of 
researches into the past and present state of mankind, which deserves to be 
acknowledged as n peience of its own, under the denomination he proposed, of 
Comvaratine Ethnography. Nilsson has achieved in this branch what Cuvier 
has done for palaeontology, when he applied his principles of comparative anatomy 
to the stndy of fossil bones.** These two great men have bou dereloped and 
applied the true method ; and this is much more important than any brOliant 
discovery, a good method bemg the most powecfol instrament of disoovery, as 
Cuvier himself remarked. 

To the Swede Nilssou and to the Dane Thomsen, happily both etill among 
tlie living, we are thns indebted for a good method, bringing archieology witiun 
tlie pale of natnral scieace, and for a practical classification, based on the form 
and matter, and on the use of the relies of the past"- that is, on positive faets, 
relative to industry and arts. 

The claijsification into three ages — ot the Btone, the bronze, and the iron — recalls 
to mind the distincdon estabHshed by Werner and his contemporaries of the 
geoloffieal formations, intoPkimary, Seeondaxr and Tertiary. It has been equally 
nseftu, for it began to introduce order into toe duos of antiquities of all ages, 
thrown indiscriminately together in the museums, so as to cause these to look • 
more like curiosity-shops than like scientiiic establishments. 



* Retired from his professorship, Mr. Nilsson has ag^aln taken up archseologj. He is now 
publishing a new ana much eulurrrcij edition of his .Scandisaviw A b w* gT nw>T ACtanaStt 
twiMlfttion of this new sdition is apjK»cii>g at Hamburg. 
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The Society held ita I13tli annual session 20th May, 1865. Since theanuoal 
sessiou of 1864 the Bociety hna publiished the i'ollowing volumes of its acts : 
1. Vol. adx, 2d part, H. B. Gtippert, tfier JEn ueh lUM e im Biamant. 

5. Vol« xz, Ist part, P. Bleaker, DeteripUom d€ quelqutt upiceiie Coiiiundet 

et de Cyprinoideg de Ceylon. 

3. Vol. XX, 2(1 part, P. T^leeker, Description dcs especes de Siluru de Siiri' 

name, comervecs aux Musees dc Leide et de AmMerdam, 

4. Vol. xxi, 1st part, Dr. Ilermann Vogeleaug, Die Valkant dtr RtfeL in 

ihrer B$lduitgtwei$e trhlmtert, 
b. Vol. zzi, 2d part, P. DachasBKiiig de FonibresBia et Giovaniii Midielott^ 
Sponginires de la mer Cnratbe. 

6. Vol. xxii, iHt part, Joseph Barnard David, Oa SjfmU»tic Crtmia among 

Aboriginal Races of Man. 
It has been dedded that the memoir preMnted by M. J. Beii«el de Borcette, 
IHe Bryozom der Amhm/et Knidehildrng^ shall fium part of the acta of the 
^sodety. 

Tn order to ^ve greater publicity to the gcicntific labors of the savants of the 
Netherlaudt?, the Society have decided to publish, at its own expense, in the 
French hmguiige, (or in Latin, for descriptive sydtematic memoirs,) the Nether- 
hmd Ardkheg cf ike Eaaet a»d Natur^ Sdeieeit pMuhed by the SMmd 
SodHy Sciences at Harlem. 

The publication of this journal, which will contain aa well original memoirs 
in erfrmo as translations or summaries of the memoirs of learned Netherlanders 
which have appeared elsewhere, will not be periodical, but will be regulated 
according to the number of memoirs presented. It will be edited by the per- 

Setoal secretary, M. ]S, H. von Baunhauer, aasisted hy lUL B. von Bees, J. toq 
er Hoeven, H. J. Halbertsma, and D. Bierens de ELaan. 
The Society thinks proper to repeat the following questbns, and xeq^nestB Uiat 
they be answered before the first of January, 1867 : 

1. The fiehe^ of the Indian Archipelago have engaged the researches of a 
learned Hollander. The Society desires that the other yertebrata of those 
islands, especuilly those of Borneo, Celebes, and the Molnecas. and, above all, 
those of New Guinea, should be the subject of a like examination. It will 
nw;^r(l its gold medal to the naturalist who shall send it either the description 
of some new species of mamm iters, buds or reptiles of those itilaudis, or a nu:;moir 
containing new and remarkable facts regardh^ the structure and mode of life of 
some of uiose animals. 

2. The Society desires as exact a determination as possible of the errors of 
the tables of the moon which we owe to M. Hansen, by the occnltations of the 
Pleiades, observed during the last revolution of the node of tlio lunar orbit. 

3. The celebrated mechanician Kuhmkorif has obtained ^parkis of extraordi- 
nary length by the machines of Induction whieh hear his name. The Soeiefy 
desires to obtain a dettmnination, by theoretical and experimental researches, of 
the laws which govern the leQoth and intensity of the sparks in machines of 
4i£Eerent siae and constnictk>n7 
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I 

!4* WMt diflnrttio6 is tinra IwlivtMU iliB pwuntion 'lif MNincb -wilih 0110 and 
with botii em 1 Precise researches are requested va^U'^ing this diflEeraDoe,and 

on the influence in general of th(i finality in tlu* orj^an of lieariug;. 

5. According to tlie reaeitrches of M. PaFteur and other savants, fermentation 
is owing to the development of crjptoeams and infosoria. The Society witches 
new and poaltife waeawhee to be mad^ en tliia auhject* and, if necessary, an 
exact deBoriplion to be glTeii of these pknta and anbmJa, and tbcir mode of 
action. 

6. What is the I ( st construction for steam vessels designed to cle^r rivers of 
the masses of ice wliicii obstmct the conrBt; ot tlie ■wntrr? It is expccled lli»t 
iu answeriug this queBtiou notice will be taken oi all tiiat practice has decided 
Upon this subject, aa well in eor ewn eonntfy aa abtoad. 

7. With the eansepiion of some formations on the eastern frontier of the bni9» 
dom of the l^^v cnnTitno'' the freolgoical strata of that region covered with 
deposits of alluvinm and dduviuin are still bnt little known. An account is 
desired of all that has been brought to light with certainty, whether by boriiigs 
exeented at diftfent plaoea or by other observations, respecting the nature of 
tlioee fotmatiotui. 

8. It 18 known, chiefly by the labors of M. Boemer* at Bvealan, that many 

of the fossils which are found uc-av Groninsfen belong to the same species with 
those occurring iu the Silurian tormationp of the island of Gothland. This has 
led M. Boemer to the conclusion that the diluvium of Gronii^en has been 
tnmi^poitod tttm the island just nanwd; bat aneb an origm apjpean to comport 
but little with the direction m wbicb this diluvium is deposited — a direction 
which would rather indicate a transportation from the southern part of Norway. 
The Society desires to see this question decided by an exact comparison of the 
fossils of Groningen with the miuerals and fodsils of the Biluriaa and other 
formations of diat part of Norway, with a regard at the same time to the modi- 
fieationa whidi'the eonTcyanee ftom a remote eoootiy and its coaseq^nencea 
niay have caused those minerals and fossils to undergo. 

9. The combustion of steel, iron, nnd orhor metrtb in oxygen is accomp'^nied' 
by the apparition of a multitude of im andescent particles thrown off from the 
surface of the body in combustion, and which are found oitex the phenomenon 
at the bottom of the vessel in which the combnstifm.is eflRseted. The same 
fiMSt is observed in tibe Imninous electric arch of a strcmg battery between two 
metallic rheophores, one of which at least is of iron or steel. The Society 
asks an explanation, based apon new and decisive xeaaaD^B, of the cause 
this phenomenon. 

10. We request a continuation of the remarkable researches of M. Brewster 
mi the liquids and gases- which fill the small caWties aometfanes found in ays- 
tallised minerals. 

11. The Society invites an oTaot f^natomical comparison Vtet ween theskpletnn 
of the Oryptohranchus japonicus and that of the fossil salamanders of OefungeUf 
as well as that of the salamander of lioth. 

11^. An exact description, with iigares, of the skdeton and mnsdes of the 
' Sciurus tmiganM, compared with what is known on this sulject of the Lunmrideg 
and Chiromys, is requested, in order that the place to be assfg^ied to this last 
species in the natural classi^cation may be detmrnmed with move certainty than 
has been heretofore possible, 

13.. The Society wishes an anatomical description, with figures, of the Ameri- 
ean Fbtto» iCmdepte* lUigtr, Vwem eamUMmda P^Uas,) compared with the* 
Btmetlire of oUier mammifers, as the Noiua and Procyouy and with that of the 
quadnimana. The attention of the author is especially directed to the commu- 
nication of Mr. Owen, (Proceedings of Zoological Society 1835, p. 119-124.) 

14. The physiological action of carbonic acid on the animal organism, espe- 
cially that of man, ia reeommended as the ol^eetof new and deeiaiTe expenmento. 
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15. It is desirable that exact roBOturches Bhonld be instilnted lespectiDg llie 

diatribution of plants i,nd anirnul.^ in th»^ coal strata of differont countries. 

16. A memoir of Savart, communicated as an extract in tlio Journal nf tha 
Institute, No. 313 and 314, by M. Mati6on, contaioB the acconiit of experimeuta 
on the simultuieoifis moTement of two pendulums. The Socif'tj would wink 
^ese experiments to be lepeatedand explained, if their result be oonfirmed* 

17. Late researches on beats and the resulting soundB do not seem to ImmI 
necessarily to an abandonment of *h<' principle of Daniel Bernouilli, of the coex- 
istence <»f t^mall oscill'itinius for vihraLions. which are propa^ttitl in an ind»'finite 
medium. The code ia wholly difft'inut when the queatioa relates to vibratioad 
witib fixed modes and centres in a circnmseribed medionL The Society invites 
new reseaiehes, as w«ll > xp> rimental as theoretieal, on tfaeiesnlting sounds and 
the vibrations of stretched cords and membranes which ptodaos them by their 
combinations and their interference. 

18. It seems that the phenomenon, known aa Porretd's, of the electrical trans- 
lation of matter across a porous diaphragm, is not an isolated fact, but that by 
considering it in its relations with oiher phenomena it will be found to be a par- 
ticular case of a general action. New researches therefore arc invited respect- 
ing this phenomenon, especially with reference to those of M. Hittoi^ on 
translation of elcmeuts in the electrolysis. 

19. Utcent researchet} have evinced an importaut analogy between the con- 
dncting Dower of bodies ibr heat and Ibr the electrie oonent. The snbstanees 
comparea in this respect were all good conductors of electricity. The Society 
desires researches on the conducting power as regards heat of certain isolating 
or slightly conducting substances, a? glass, marble, , and a dii»cus8ion of the 
resuhiS obtained, ni reference to what has been disclosed by the remarkable 
researches of M. Gaugain respecting Uie conducting power and inductive capacity 
of snch snbstanees mt eleetiioity . 

20. New experimental research^ are requested respeeUng the interior friction 
or viscosity of liquids in movement, and on their frictioil against the wa.\h of 
the channel or tube in which they are moving. It is particularly desirable 
that a viscid li<][uor, for instance a thick oil, »hould be experimentally studied 
mnder this point of view, 

21. The Society solicits ftarther exact researches upon the rsmailcable phe- 
nomena of dissociation discovered by M. Sainte-Olaire-Deville. 

For this year the following questions» whose term expires ihejlrst qfJamuari/, 
1867, have been proposr d : 

1. An exact dctermiualiou of the heat produced by the combustion of the 
glyoerides is desired. 

2. The fractional distillation and fractional precipitation, extolled as means 
for gepamting from one anothrr bodies homologous in their mixtures, arc, as 
such, very insufficient. The Society iuirites a research for better means of ob- 
taining that result 

3. ft seems that the diminntion of temperature in the soeeessiTe strata of the 
atmospheric air is not eqnsl nnder different latitudes; it is d e s ira bl e to have 
An point so interesting for meteorology elucidated by new ze«^ardi^. 

4. The Society wishes an ilI?Tstrated memoir oontaininr^ very ex iet micro- 
scopic rcB^rches on the formation and development of the ^gg in the ovary of 
fishes and birds. 

5. A monography as eomplelo as possible of liie lidums of the Net^eilands. 

6. We possess very exact determmations of the density and of the dilatstioii 
of mixtures of tethylic alcohol and water by Gilpin, Gay Ijti'sjic, and M. von 
Baumhauer. DeterminiUions not less exact are requested for mixtures of water, 
and methylic alcohol. 

7. We only know with sufficient enetness the density of very ftnr bodies 
aohible in water wlddh m%fat not be Ibmd by libe Asdiiiaiy hydoniUo balsnee 
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Sock^ty requests the ezaet d«tenniDAtioDt at difoent tompemtueBt af at least 

fifty bodies solubl*' in water. 

8. Of several plants, for m?tanco, AppcuIus hippocastanum, Amy«;dfilu8 com- 
munis, Quorcii!^ peduutuLita, Tilia parvifolia et f^^mndifolia, Geranium, &c., a 
certain (^uautity of the ovulee do not become develoued. It is dei*irable that 
the came of thia cosBtant anomaly shonld be ezpumed by laicroscopic re- 
aearolK 8, illustrated by figures. These researches »bpiild comprise at least ten 
apeci*-» of plantP. 

9. In vulumetric researches the condt naation of ga^^cs on t^urfaces exercises 
an embarrassing influence, inasmuch as the deficiency of precise data of such 
condensation at di&rent temperatures and difforent pressures does not permit 
us to i^ply the necessary corrections. The Society solicits new reaeucneB on 
this important question. 

10. 1) terminations of the temporatore of deep stagnant waters (lacs) at dif- 
fercnt depths. 

11. A miuute description, based on new experiments, of fecundation in the 
fiunfly of the Graminece. An exact answer is sought to the following questions : 

a. Do the anthers open before, alter, or at the moment of the separation of 
the glumelke (palese?) 

b. Is the ])()llcn Rtrewn upon the stigmas before, after, or at the moment of 
the separation of the glumellaj '/ 

e. Does this separation of the glamellie influence the descent of ihe pollen 
upon the stigmas? 

d. What exterior canses may focilitate or prevent ihis descent of the pollen 
upon the stigmas ? 

e. Do the stigmas secrete a matter qu ililied to n.'tain tin grain? of pollen ? 

f. By what route do the poUeuuij' tubes descend luvsards the embryonic 
sack? ^ 

These researches should comprise, in the first pUce, wheat, barley, rjc, oats, 
and next as large a number as possible of other plants pertaining to different 
classes of the family ofGraminea;. 

The Society would recall to mind tliat last year it proposed the following 
questions to be answered before XAeJirH qf January 1866 : • 

1. A complete embryology of the SMudtu spinax and the Squalus actaUkiat, 
from the egg in the ovary to the complete formation of the young fish, 

2 A critical nomenclature of the Annulata and TurbelJaria . ^^'hich are found 
in the interior and on the coasts of the Netherlands, based upon new researches. 

3. A comparative myology of the anterior members of reptiles and of birds, 
with reference to the denomination of the correspondmg or homologous nmsdes 
m mammifers, and especially in man. 

4. The form of the figures, named after Lichtenberg, whether produced by 
positive or negative eh ctrieity, being difierent, a new and satisfactory explana- 
tion of that difference is requested. 

5. Rese^ches are invited on the molecular change produced in the wires of 
dtSerenI metals by the sostained action of an electric current as strong as is 
possible witiiont producing fusion. 

6. A complete embryology of the Lepns anatifera. 

7. A comparative anatomical description of the remains of birds which are 
found in difierent geological loriaations. 

8. The origin of semd roeks being stiU unknown to ns, the Society wishes 
that at least one rock, at the choice of the author, should be examinM with a 
view of deciding whether it has been deposited from a eolation in water, or 
fonmed by the solidification of a mass melted by heat. 

9. The preparation of solid carbonic acid presenting no longer any difficulty, 
or danger, a complete examination is needed of its physical properties. 

10. A nieroeoopic and chemical examipatioii is leqiieaM of the matter, dif- 
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fusing a strong odor of musk, which is secreted by glands placed near the jaw- 
bcmes of eiooadUiM. 

11. An exact anatomical description of the sturgeon, (Acapemer titirio,} with 
amoDOgraphy of its devf'lopment from the e^^ to the adult anim?il. 

12. A comparison oi the remaius of castors aud emydes lomifl in the peat 
moss, in localilies where thobe animals no longer live, with thu living species 
of diose ammals: 

13. If there he eartbqnakee which arc only attributable to subaidence a£ 
strata situated at a greater or lesa. depth, by what distinctiTe characters can 

they be recognized ? 

14. It has been observed that oxygen does not conduct the currents of in- 
duction of the apparatus of Bohmkorff, except when its tension has been reduced 
to the pressure of 6 mm. of mercnry; and ttiat* from that point* its oondnetuig 
power augments, when ihe -diminution of tension is continued until it readies 
0.5 mm., when its powers appear to have attfiined a maximum. It is desirable 
that this phenomenon should be conlirnu'd hy new experiments, aud that, by 
comparing it with wjiat is analogou:^ in regard to other gases, its cause should 
be made Known. 

15. New experimental researches on tibe Telocity of propagation of eleotriei^. 

16. A methodical description of ihe remainB of plants of Uie terliaiy fbrnuk 

tion in the Netherlands. ^ 

17. Should metallic masses in a building protected by a lightning conductor 
be placed in communication with the latter or not ? On this subject new re- 
searchest both experimental and theoreticsl, aie lequested. 

18. A series of new experimental reseaiehes on the influence of mechanical 
forces upon chemical action?. 

19. What are the constituent elements of the fatty body in the larv» of^ 
insects, and what are its functions ? 

30. An anatomical description of the Monitor (himitoHu) ci the island of 
Java. 

21. The Society desires that the corpuscles of the blood in difFerent orders of 
reptiles should be de.«cribcd and delineitt'd after new and original researches. 

22. The deudity of the vapora of tjubatauces is one of their most important 
phybical characters ; it is therefore to be regretted that it has as yet only been 
determined with respect to so few inorganic bodies. The method indicated by 
M. Saiute-Claiie-Deville for that determination seems cdculated to extend our 
knowledge upon this point. Ilenco the Society solicits the determination of 
the density of the vapors of diiTereut substances in r^ard to which that fact has 
remained undetermined till the present time. 

' 23. Instruments and eznerimental methods having been suffieientiy improved 

of late to enable us to unoiertake with success experiments on the diffraction d 
sound, the Society requests that those experiments be madot *nd tliat there bo 

deduced from them a detennination of the velocity of sound. 

llesearche.s are desired on the modifications in the spectral lines of divers 
substances, produced by ditlerent temperatures and densities. 

2$. An. aiudytical catalogue (rtMtnmi) is needed of the geographical distri- 
bution of moUusks. 



The ordmary prize for a satisfactory answer to each of tiiese questions is a 
gold medal of the value of 150 florins, and a further gratuity of 150 florins if 
the answer is deemed worthy thereof. The answers, legibly written in Dutch, 
French, English, Italian, Latin or German, (Roman letters,) and free of chaige, 
with hiiletoln the manner usually adopted in like cases, must be addressed to 
Professor £. H. YoK Bauhraubr, Perpetual Beeretary of ike Heliamd Saeieig 
Iff SeisMSt, at Harlem. • 
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IMPEBIAL SOOIETX OF NATUIIAL SOIENOBS OF OHERBOUBG. 

PROORAMIVB OF OOMPK ' I 'I TI OW FOR 1868. 

The Sociotr offers for competition the following qneption : 
The imrecks ( sea-torackt Jttcm) in the two-fold point of view tf mgncuUure 
mtd of induttrsf. 

FolL htitiide 10 giTen to tlie compettton- to troftt this qaestioa M ihiey BbtSL 
think proper ; vet it is thought that thehr attenthm ilionld be more partieahrly 
called to the following points : 

1. What time is the most suitable for gathering the varechs fixed <m rocks, 
and bebt reconciles the re^uii-ements of reprodtiction with the wants aud usages 
■«f agrieoltiiief Should we nuke two liarteBts Id eadi j^,iKt but a 

one 1 Ought the vmrech to be plociked or cut ? 

2. By what means is it practicable to conciliate to the greatest possible ex- 
tent the interests of agricuitoristB and those of the manafaetaren of iodine and 

, of alkaline salts ? 

d. What aie the most proper modes of application to aogment the effects of 
manuring with the Taiechst Might not the employment of a nixtnre in enit- 
able proportions of the residuum of t^e lixiviation of kelp with the common 
yarecn be attnndorl with good economical results? By what methods of pre- 
vious stratilicatioii and m;iceration might we succeed in profitably unitin<j;- the 
mineral matters contained in that residnum with the organic substances iixdis- 
pensahlfi fioer completing the elements of vegetable nntrftion» and in obtaining tlie 
inaThnnm of nsdnl eroet? 

The answers to these different questions, and to all others which the competi- 
tors may themBelvea propose, should be founded not on theoretical considerations, 
but on new and solid experiments, devised by the authors of the memoirs, and 
carefully described. The prize for competition ia a gold medal of Jive hundred 

Jrnmei. The Society maj, moreover, award medals of 'BUver to tae authors of 
memoirs which, without cfmipletely resolving the proposed qnestions, shall have 
furnished, nevertheles?. useful indications of a nature to merit that distinction. 
The right is reserved of publishing in the memoirs of the Soiae^t either in 
whole or in part, the manuscripts which shall be presented. 

The memmrs most be written in Frenoh, Latin, or English, and be addressed, 
free of charse, h^bre the first of J%dy^ 1868, to the archivist of the Society, 
Dr. A. Le Jolis, me de la Duch^e, 29, at Cherbourg. Each manuscript wUl 
be preceded by a motto or epigraph, repeated in a sealed billet which contains 
the name and domicile of the autlior, as well as a declaration, signed by himself, 
that the production is tmpublished, and has not before been submitted to com- 
petition. This bOlet will not be opened unless a prize shall havQ been awarded 
to the work, or it be judged worthy of publication in the memoirs of the Sodety. 

. The manuscripts will remain the property of the Socie^. 
CHfiafiouBG, Jmie 8, 1865. 

M8MBBB8 OF THB BURBAV. 

■ Secmtairy, L. Fleury. perpetual Archiviste, Dr. A. Le J0LI8. 
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PSIZB QUBSTIOSrS* 



PKIZE QUESTIONS OF TUE PHYSICAL-3UTHEMATICAL CLASS OF 
THE BOTAL PRUSSIAN ACADBMY OF SCIENCES FOB 

THE TEARS 1866-7' 



PUBLISHED AT THB FOBUO SBSaKUl UH»N THB imNITZ FESTIVAL. JULY 7, 1864. 



I. 

( Frnn the Suiner Lcgme§, ) 

In one of tlie monthly reports of the Academy, for January, 1856« as well SB 
in nn c«Pfty published in vol. LIII of Crell's Jounial, Steiner communicated 
a poriet* of the fuiulameutal properties of the Burfao's of the third order, arriving 
at the means for a purely geometrical theory of the eame. 

Th» Academy deolres tliat this remarkabte labor of tbe distinguished geometer 
1)6 eairied out further, according to its synthetic methods, and be perfected in 
aeveral essential points. 

For this pur|)Ofio it would be necessary, first, to give proofs, which are for 
the most part merely indicated or even omitted for the principal propositions ; 
but the investigation mast be extended beyond the cases treated by Steiner to 
.those suftccB in whbh the elements serving for the geometrical constmetion 
are in part imaginary. Beside this, the Academy would regard it as an import- 
ant perfection of Str inf r'>^ theory, althouj^h not ahsolutely indispenfablp, if a 
complete characteviziiiL'^ of the different kinds of cones in space formed by the 
intersectiou of two ot the surfaces here alluded to were given. 

Essays oontODding for the prise vmy he written in the Grerman, Latm, or 
French languages, and the time dniing which they can he received will expire 
upon March 1, 186C. Every essay must be accompanied by a motto, which , 
mnst also be placed npon the ootaide of a sealed envelope containing the author's 
name. 

The prize of six hundred thalers will be conferred at the public session of the 
I«ihnita festival m the month of Jnly* 1866. 



IL 

The theory of the elliptic and Abel's Amotions, which has ahceody enaUed 
the solntion of problems in nearly every branch of mathemalies, and for which 

former means for the analysis were insufficient, is without doubt susceptible of 
nnmorous additional applications* and, therefore, the Acadmy offers the follow- 
ing prize questions : 

**Foi any important problem in algebra, arithmetic, integral calculus, geom- 
etry, mechanics, and mathematical physics, wliich can be "pedbtHty solved by 
aid of the eUiptic or Abel's transcondentals." 

I'he essays may, at the will of the author, be written in the German, Latin, 
or French languag^^s, and the time of their reception expires upon the 1st of 
March, 1867. Every essay must be accompanied with a motto, which must 
also be written upon the ontside of a sealea envelope containing the anther's 
name. 

The prize of one hundred ducats will he conftned at the publio session on 
the Leibnita festival in Jnly, 1867. 
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QKOLOGICAI. FKIZE. 
AMHOUNOED ON MAY 34 IBM. BT THS DIPERIAL ACAOBKr OF flOlEllCBB AT VIBMKA. 

The great majority of the most accurately studied eruptive rocks, both in and 
outside of Austria, belong either to the oldcur palsBOZoic fonnatioos or to the later 
tertiary and (j[uite modem periods. 

In tbc Austrian alps, however, still more in the Carpathian mountains, and 
also partially in Bohemia, there are maaaea of rocks in great quantity and Tariety, 
whicli break through the stratified rocks or stand in relation to the same, but 
of wliicli the period of eruption falls within tlte epoch of a middle agOi begin- 
ning with tlie dyas formation to that of the eocene. 

To name only a few of these, we have the metaphyre of the n 
(Boihliegende) in Bohemia and the red sandstones of the Oaxpathians, wfaieh 
belong probably to the same formation ; the red porphyry and metaphyre of the 
. trias of the southern Alps ; the so-called augite-porphyry and amygdaloids of 
the east Carpathians Btanding in connexion with the jnra^sic limestone ; the 
teschinite of the chalk and eocene formation of the Silesiaa Carpathians, &c. 

Many of these rocks have been named heretofore generally and from mere 
external analogies. An aoeunte mineralogical and ehemieal investigation of 
the same, a comparison of the platonic rocks of the higher and younger p^ods, 
constitutes a problem, the solution of which would fill a gap, in the true sense 
of the word, in our knowledge, and would appear alone to be of vast importance 
to science. The Imperial Academy can with right expect this solution, because, 
as far as is yet known, no other oonntry in the world possesses emptive rooks 
of the period alluded to in equal quantity and abundance. 

The mathematical-natural history class of the Imperial Academy of Sciences 
baa therefore determined to offer a prize for the answex to the following prob- 
Ion, viz : 

" An accurate mineralogical, and, as far as may be possible^ chemical inves- 
t^aiicn of tke targets mimber of eruptive roekt ta Amiiria qf tAe middle period, 
from the dytu Jbrmatum to that qf the eocene, and tike compariton of these with 
the more arcuratdy Imown older and jfonnger eruptive roeke ^ Anutria and <^ 

other countries.** 

The period for closing the reception of the prize essays has been £xod for 
December 31, 1866 '; the annomiGement and reception of the prise of two ban- 
dfed royal imperial mint doeate iriU foUow at the commemorative session of the 

Academy on May 30, 1867. 

The following paragraphs rclatinir to prize essiiys, from the order of business 
of the Imperial Academy, are publislied for the benefit of the couteptants : 

, § ^6. Ail prize essays should be furnished without the name of the author, 
bai aa oaiiat with an accompanying motto and with a sealed envelope contain- 
ing the antikor'a name in the inside and his motto upon the outside. 

At the commemorative session of 5Iay 30, the president shall open the sealed 
envelope inscribed with the motto of the successful essay, and shall announce 
the name of the author. The other envelopes shall be burned unopened, but 
the essays shall be prenrved subject to the call ^ ibeir anthora, announcing 
eneh his motto. 

§ 57. The division of a prize between several contestants is prohibited. 

§ 58. Every crowned prize essay remains the property Off its composer. 
Should he bo desire, it will Le publielieii ! 7 the Academy. 

§ 59. The members of the Academy shall not strive for this prize. 

§ 60. Essays whidi have not veeeiTed a priae may, if woirthy» be published 
by the Acadony, with the consent of the author. 
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SCIENTIFIC EXPEDITION TO MEXICO, 



A MPORT ADDRBBSED TO THE EMPERUR BY THB MINISTER OF PUBLIC 

INSTRUCTION. 



nUJf&LATlJD WOBL *Sm aURBMKUlll HMTITOTIONi 



Sixty-six years ago 40,000 men of the army of Italy and our most illastrioaa 
elilef landed at Alezandila. The yonng general was Ibttowad not only by the 
bravest eoldien in the wertd, but by a whole colony of savBsta, who aeiiieved, 

after their own manner, the conquest of Egypt by tearing away the veil in 
which its ancient ciTilization had, for fifteen centuries, been enveloped. By the 
researches of the ImiUuit of Cairo the archieological sciences were renovated 
in Europe. Without the publication of the great work of the Description of 
Egyptt Ohampollion vronld never hav« ooneeived the design nor poeaeaaed tte 
meana of commencing the interpretation of tSie hjeroglyphs which science had 
proTionnced an inexplicable enigma, and France would hare wanted the honor 
of having found the key to those inscriptions which have already explained 90 
many symbols and docdrines, and revealed so many ideas coucermng the religion, 
the history, and the duonology of that ancient woodd. 

It was on the banha of the KOe.that Oeoffroy Saint HOaIre conceived tha 
first thought of his great system of anatomical philosophy; and if the levelling? 
effected by his colleagues on the Tsthmna of Suez, under the iire of the Arabs, 
were not exact, their idea of a communication between the two seaa has not the 
less maintained its popularity to the day when, thanks to another Frenchman, 
It might become a reafi^. 

To the conqneets of abstract science were added those of art. In the dttw- 
IngB which the expedition brought away our artists saw enUnged resoiireea ftv 
the expression of the beautiful placed at their disposal. 

The labors of the Institute of Cairo were even attended with consequeuces 
of practical utility. The atody of the cliraate and of the geographical eondi- 
tlon^^ of the valley of the Nile led to the discovery of means fbr promotfaig the 
salubrity of the country and securing to its inhabitants a better nygiene. At 
thip day the plague has almost disappeared, ;md, notwithstanding the frequency 
and facility of commercial intercourse, iliijs c^courge no longer arrives on our 
coasts to decimate our population, and, as in 1720, to snatch from Provence 
alone 89*000 of its inhautanta. It is- to the medSeal inrestigationa of the I» 
Btitate of Egypt that, we shonld refer the OQnunamament of this great ameKm* 
tion. 

And while learned Europe was enriched with scientific tacts, with ideas and 
forms of art, which the great work on Egypt threw into general circulation, Kgypt 
itaelf, reatdmated by the contact with our aoldfera and savants* emerged fioBaus 
lethargy. Several of its youth were eonsigned to a member of the Instikiite Id 
be iniriatcd in our European civilization; a number of Oltf engines were invited 
to the work of Egyptka regeneration} «id if then is fi>imd Unlay on the 
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banks of tbo Niln an association which asserts its place among modern societies, 
and plajs an important part, through production and commerce, in the general 
interests of the wodd. it is iu great part because the hand of France was 
Btsetcbed forth to rmeae this people from dieir ■tBte of torpor. 

Ftoposaesied by these memories, your Majesty luui determfiiecl that whaA 
was done on th(| banks of the Nile by himwliowas to become Napoleon I, 
should be accomplished in Mexico nndcr the auspices of Napoleon ifl. The 
resultB obtained sixty years ago are the guarantee of the results in rci^i-rve for 
the new expedition. Mexico, it is true, does not ofier the historic interest pre> 
Bented by that land of Egypt, where HeKodotu iJaeed the origin of the xeligioi^ 
the tBttot and of a portion of the inhabitante of weeeeb Nererliheless Mexioo, 
too, has many secrets to disclose to us : a peculiar civilization which science 
should revive, races whose origin eludes us, unknown lan^^uages, mysterious 
inscriptions, and imposiag monuments. But if the expedition be coutemplated 
in relation to the natural and physioal sciences, what comparison can be mad& 
between the two countries? On the one - hand, a long valley of scarcely 260 
leagues, with a width at certain poiats of but a few hundred toises, where the 
sky, the earth, and the waters are of an admirable but wearisome uniformity ; 
on the other, a vast region bathed by two oceans, traversed by lai'ge rivers 
and lofty mountains — which, situated uear the equator, possesses every climate, 
b es M B D e it has all altitndaar where the rednnaant vegetation of the tropiciL 
sheltsw innnaerabte tiribes of animated creatures ; where, in fine, the internal 
wealth corresponds to* that of the surface, for the millions which, during three 
centuries, ^lexico has poured into the lap oi Emope ace but the iixftt £:uits o£ 
the treasures which it yet has iu store. 

The Mexico of Montezuma comprised but about six degrees of latitude, flom 
tha 16th to the Slst Ootnde of its irontiMi thwe remained* to the eontht 
Yucatan and the entire isthmus ; to the north* all Sonora and the great valley 
of the Rio del Norte. But the history of these regions, the raees which people 
them, is too 'closely associated with the history and the raee^i of Mexico to be 
neglected by a sdeuti^c expedition. The field of exploraiion, then, extends 
from the iooroea of th» Bio del Norte and the river Colorado to ^e Golf of 
Darien, OT«t aboot 32^ of latitude. 

It is true that a great number of documents relative to this wide tract have 
been alretdy collected by the scientific men of the country — by some of the 
functiouaries sent thither by France, aud by travellers, who iiave followed ^l 
the traces of the most illastrious of theur number, William von Humboldt. But 
tnlbiBiation thus gamed at pointf widely separated zeqnirei to be comparedt 
digeated, and submitted to seienlifio verification. In tW of the details and 
rigor of method which science now exacts, Mexico offers, in regard to many 
sciences, a field of culture almost untouclied. We have, for example, numerous 
charts of this region, but the best of them leave much 1^ be desired, in the 
provhioes to the sovth and west of Haijeo the eonrea of the largest riyers is 
tnieed in a teiy nncertila manner, and it is not necessary to divezgc far from 
the frequented routes to make the most unexpected discoveries. At a short 
distance from Pcrote, on the highway between Vera Oruz and Mexico, the ^ 
maps indicated, four or five years since, a lagoon, where M. do Saus.^ure encoun- 
tered hilb. To the north the region of the Sierra MA^re and the Sierra V'crUe, 
to the south Guatemala^ Hondianuib vad Dwrien* indnde wt tracts as little 
known as the centre of Africa. 

Thcfo researches, useful alike to commprce and to science, will promote, per- 
haps, the solution of the problem propounded twenty years ago by Princo Louis 
Napoleon for piercinff the American isthmus with an interoceanic canal. The 
Emperor might in tli»» aa in SO many othto Inatanegii witness the realisataon of 
the hturdy and prolific visions of the exile. 

Xa ref^ to the geoiogio eonstitiitioiiof thii part of the New Wodd we have 
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^irapses raiher than any general view ; two studies, among others, are here ta 
OP croatpd or resnmed — paloontologyand tlio examination of volcanic p^eDOmeiUlf 
which, in 3Iexico, preseul themselves in colossal proportions. 

What has heen done hy mining associations is worthy of praise» hut w hai ia 
known as yet of tbe n^eralogieal wealtli of Mexico ia midoaiitedlj the BmaUest 
part of that which exists. The sites tiios far turned to profit are those for tiie 
most part which hazard baa presented. A trolj scientific exploration would 
disclose to this branch of industry a fntnro of nnoxppetf^ri prosperity. 

A country of so bold and broken an outline, and submitted to the powerful 
• and varied action of extremes of climate as well art to that of the forces proce^- 
Sng from the hiterior of the earth, holds oat large promise to the physics dTtfae 
globe and to meteorology. 

Nor will botany be less fortunate. Those endlessly diversified formations. 
tho^c elevations where all climates pretsent themselves, enable Mexico and 
Central America to spread beibre the eyes of the traveller a magniticent and 
mnltifbrra flora, sudi as k offered by no other region the globe. The acience 
has here already made many acqoiaitionB, bat « full harvest is yet to be gath- 
ered, and our gardens, onr parks, oar forests* and our fielda wUl be eurichsd 
with new plants for ornament and use. 

In these regiont: where nature scatters life under all forms, the animal king- 
dom is not leds rich uor less curious thau the vegetable. Agassiz thinks that 
he has found living in tbe Qnlf of Mexico certain antediiuyian polyps wbidi 
occur imbedded in the soil of Florida, and the encrinites are extant only here : 
a mysterious link between the world of primeval times and our own. 

The almo>it new science of anthropology caunot fail to derive great light from 
the calm tjtudy of the races buried in the grottoes of Central America, or from 
those which still live on the plateau of Anahnac or in the neighboring 1 1 giuos. 
The mixed breeds, resulting nrom tbe inteceonrae of the indigenona and foreign 
races, will furnish suggestions for a study associated with qnestions of the highMt 
hnport, at once physiological, moral, and social. 

Mexico is still rich in promise for another science — comparative piiilologv- 
Though baldly of a man's age, this science haa already detected the origin of 
races of men, reimited the broken ties of nations, and prepared the sohitioii 
of tbe great problem of the variety or unity of our species; a question which 
seemed to possess no interest but for scientific curiosity, yet one which, for three 
years, North America has been seeking to decide in the furious conflicts of a 
more than civil war. The study of Mexican idioms was commenced, it is trae, 
long since, but there is room for pursuing it on a wider scale. The ruins of 
Palenqne oover mysteries comparable, perhaps* to tbose whieb the expedttm 
of Egypt fomd on the banks of the Nile, and whidi, tiianka to that ezpedltioo, 
Chanipollion was finally enabled to penetrato. 

The Mexico of Monteasuma has almost wholly flisappeared; the expedition 
will afibrd the means of its rediscovery. Perliaps our explorers will bring to 
light some of those rare Mexican manuscripts or ytikatequetirlaM^tk have escaped 
recurring devastations. Tbcy wOl certainly collect those oral tradltiona of 
which modern criticigm so well knows how to avail itself. 

In 1855, M. de Saussure discovered, within a few leagues of P^Tote, an entire 
city of which, before him, no one had any knowledge. An Auk i Iran traveller, 
passing directly from the sea to Mexico, by a route traced by iiimsclf, encoun- 
tered nom eighteen to twenty oonsiderable monuments, of whieb the memory 
was lost. The Mexican solitudes have similar surprises in reserve for our 
Bavants. It will lio theirs to renov;ite tht:^ ^vvnt nnd curious page of the world's 
annak, which centuries have etFaced, and our generatiou, so arid of the uoble 
emotions of history, will see a wider horizon opened for its contemplation. 

When our soldiers quit tbis countiy, leaving gloriooa memories bebind them, 
our savants will complete the eonqneet of it for aeienoe. TiMBre is no looa to 



9 



Digitized by Google 



SdXNTIFIO J&XFKDZnON TO MBXIOO. 

0 



415^ 



doubt bat that, by Tirtae of their labom* eertain Imoches of our knowledgQ will 

be stimulated and extended— others, perhaps, created, and that new facta will 
produce new and fruitful ideas which shall give to our eompxeheiisiye studies a* 
salutary impulse. 

In order to assure to the scientific expedition of Mexico every guarantee of 
saecesBy I have the honor to propose that your Majesty will be pleased to eon- 
StHnte, by decree, a commission which shall hold its sesskniB at uie department 
of pnblic instraction. Composed of men eminent in science and in the state, or 
of savants who have already explored Central America, tliis commission will 
give to travellera the necessary instructions, will follow Uie progress of the ex- 
pedition, and will prepare for t^e seieatific worid &e paN^s&on of a work 
which will prove, I trusti a moxnunent of the patronage which your M ^eety 
condescends so directly to accord to this noble enterprise. 

I flatter myself that the public offices will cordially associate tliemsolves with 
the de?ig:ns of" tbe Emperor ; and, consequently, I have also the honor ot' praying 
your 31ujesty to cause to be laid for examination before the council of state the 
draught of a law for opening a credit of dOO,000 fiance in behalf of the ministiy 
of public inatractbn in order to defray the expenses of the expedition. 
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I left home on tKe 2d of May in a canoe paddled hy a couple of Indians be- 
longing to my mission. Wc followed the ice down the noble McKenzie, staying 
awhile with Indians wherever we met them, and remained three or four days at 
each of the forta along the route. On the lltb of June I left the zone in which 
my life liad hitherto oeen passed, and entered the less genial arcHc one. Then* 
however, it was pleasant enough. The immense masses of ice piled on each 
eide (>i the river sufficiently cooled the atmosphere to make the travelling en- 
joyable, while the sun shed upon us the comfort of light nearly the whole 
twenty-four hours. And as we advanced further northward he did not leave us 
at alL Freqneatly did I see him describe a oomplete circle in the heavens. 

Betwen Point Separation and Peel's river we met several partiea of Esqui- 
manx, all of whom, from their thievish propensities, gave us a great deal of 
trouble, and very glad were we to escape out of their bands without loss or in- 
jury. They arc a fine-looking race of people, and from their general habits and 
appearance, I imagine them to be much more intelligent than the Indians. And 
li proof were wanting I think we have it in a girl wko was brought up from die 
coast little more than three years ago, and who now speaks and reads the English 
langna<:r'" "vith considerable nrcnracy. The men are tall, active, and remarkably 
strong, many of them having a profusion of whiskers and beard. The women 
are rather short, but comparatively fair, and possess very regular and by no 
means badly fermed featnies. .The females have a very singular practice of 
periodically cutting the hair from the crown of their husband's head, (leaving a 
bare place like the tonsure of a Roman Catholic priest,) and-fiistening the spoil 
to their own, wear it in bunelifs on each side of their face, and a third on ibe 
top of their head, something in the manner of the Japanese wiiu recently visited 
the United States. This custom, as you will imagine, by no means improved 
either their figure or appearance, and as they advance in life, the bundles most 
become to them uncomfortably large. A very benevolent old lady was most 
urgent for mc to partnl'c of ,i «lice of blubber, but I need hardly say that a 
sense of taste caused me iirrniy but respectfully to decline accepting her hoa- 

Sitality. Both sexes are inveterate smokers. Their pipes they manufacture 
^emselves, and are 'made principally of copper; in shape, the bowl is very 
like a reel used for cotton, and the hole through the centre of it is as large as 
the aperture of the jnpe for holding the tobacco. This they fill, and when 
lighted will not allow a single whiff to escape, but in the most unsmoker-likc 
manner swallow it all, withholding respiration until the pipe is finished. The 
effect of this upon their nervous system is extremely great, and often do they 
fidl on the ground completely exhausted, and for a few minutes tremble like an 
aspen leaf. The heavy beards of the men, and the faur complexions of all, as- 
tonished my Indians greatly, and in tbeir surprise called them "Manofdi Conde,** 
like white ];enple. They were all exceedin;^ly well dressed in deer-skin elotliing, 
with the hair outside, which being new nicely ornamented with wiiitc far, 
gave them a clean and very comfinrtaUe appearance. Theu little JBLyacbs were 
beautifully made, and all the men were well armed with deadly4ookmg knives, 
. spears, and arrows, all of their own manufacture. The Indians are much a&sid 
of them, and so a£nid of my safeQr were two different parties t|iatX saw on my 
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way down that a man from each of them, who could epeak a little Eskimos 
volanteered to accompauy mo, without fee or reward» and invaluable did I iiad 
their services. Poor fellows! thfy will neTer.«?ce this ; bat I caiUIOtxefcaiafconi 
|>ayin«^ tht-rn hen; my tribute of gratitude aud th;inks. 

At Peel'b river I met with a large uumber of Loucheiix Indians, all of whom 
leodved me most kindly, and litteaed attentird j to the glad ttdlugs of ulrBr 
tion I brought onto them. Afi these are a part of the great fiunily who reach 
to the Youcan and beyond, I neeci imt dwell upon them here, as their habits 
will be included in a general desci i}jti(su that 1 tjbnll give of the whole by-and- 
bj. 1 may, however, remark that irom their loDger association with 'the whites ' 
many of tfia datker tisita that belong to tbe&r brethren on the Toncan apply, 
If at all, in a much milder form to the Indians there and at Lapiene's Houbo. 

I left my canoe aud Indians, as well as those who accompanied me, at the 
fort, and taking two othern who knew the way, walked over tiie Rocky mount- 
ains to Lapieue't} House. Tijis pan of the journey fatigued me exceedingly — not 
so much from the distance (which was only from 75 to 100 miles) a^ from the 
badness of the waUdng, hitenae heat of the son, and myriads of the most 
Toracious mosqnitos tiiat I haye met vlth in the country. The former. I think, 
■would justly defy competition. There werp several rivers to ford, which from 
the melting snows and recent rains were juat at their height. Fortunately tliey 
were neither very deep uur wide, or my size and strength would have been 
serions impedimencs to my getting oyer tbem. 

At Lapiene's House I was delighted to meet Ifr. Jones, who was my com- 
panion on travel from Ked river to Fort Simpson. He had come up in charge 
of tiie Youcan boat, and at once kindly granted me a passage down with him. 
I had fortunately a bundle of Canadian newspapers in my carpet-bag, m>iui- of 
them coutaiuiug isomc speeches on educational Bubjccts by his venerable graud- 
Ikther, the bishop of Toronto. Five days of drifting and rowing down the 
rapid current of tnaPoicnpine river brought us to its confluence with the You- 
can, on the banks ot which, a1)onf three miles above the jtmction, tlu; fort is 
placed. My iViend Mr, Lockhart was in charge, and all who know the kind- 
ness of his heart need uot to be told of the cordial reception that I met with 
from him. Another hearty grasp was from the eniffgetic natmnUst Hr. B. Ken- 
nioott, who, nnder the auspices of the Smithsonian Institntion, came into the 
district with me, and passed the greater part of his first winter at Fort Simpson, 
lie drh'glited rne with the assurance that he had met with a vast field, and that 
his efVorts had bet;n crowned Avith much success, especially in the collection of 
eggs, mauy rare and some hitherto unknown ones haviug been obtained by 
blm; so that the cause of science, in that department, will be greatly benefited 
by his labors. Among many others I noticed the eggs and {)-u't>nt birds of the 
American widgeon, the black duck, canvas-back duck, spirit duck, {BucrpJiala 
.abeola,) small bhick }ip:id duck, (Fulir fifjlnis,) the waxwiiig, [Ampi'li.s i^ar- 
rulus,) the Kentucky waibier, tJie trumpeter swan, the duck-hawk, {Ffilco 
anatum,) and two species of jonoos. With the exception of the waxwing, how- 
ever, there were few that have not been obtained in other parts of the district by 
the persevering seal of Mr. Ross, the gentleman in charge, and it, I have sinoe 
learned, nested numerously in the vicinity of my out-station at Bear lak'>. 

On luy arrival at the Youcan there were about 500 Indiana present, all ot wiiom " 
were astonished, but appeared glud, to see a missionary among them. They ' 
are naturally a fierce, torbulent, and emd race, appixtximating more nearly to the 
Plain tribes than to the quiet Chipewyans of tlu; McKenzie /alley. They com- , 
mence somewhere about the 6oth degree of north latitude, and stretch westward 
from the McKcnzIe to Behring's straits. They were formerly very numerous, but 
wars among themselves and with the Esquimaux have sadly diminished them. 
They are, howeTO, stOl a strong and powerftil people. They are divided into 
many petty tribes» i^uih having its own chiefs as the Ta-tlit-Katchin. (Peel's 
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Siv«r Indians,) Ta-Kiith-Kntclim, (Lapitne's House Indians,) Kutch-a-Katclifc 
(Youcau Indians,) Touchon-tu-Kutcliiu, (Wooded Country Indians,) and many 
others. But the general appearance, drees, customs, and habits of all are pretty 
much the same, and ^1 go under the geoer^ names of Kutdiin (the people) and 
Lonelieiix, (squinters ) The former k their own appdhilioB, wh^ mtm vaa 
gfarm to them by the whites. ThMO is» however, another division among them 
of a more interesting and important character than that of the tribes just mea« 
tioned. Irrespective of tribe, they are divided into three classes, tenned, reepect- 
ively, Chit-sa, Nate-8a» and Tanges-^t-Ba — ^faiutly representing the aristocracy, 
the middle classes, and the poorer orders of civilized nationa, the former being 
the moet wealthy and tho urtler the pooveet. Ib one respect* howem, ikey 
greatly differ, it being the rule for a nan not to aarry m hie own* hut to take a 
wife from < itlu r of the other classes. A Chit-aa gentleman will mf.rry a Tangcs- 
at-sa peasant without the least feeling infra dig. The offspring in every case 
belong to the class of the mother. This arrangement has had a most beneficial 
efieet in allaying the deadly fieads fimaerly so frequent nmag them. I wit- 
neaeed one thii Bommer, but it was far from being of a diiaatrous nature. The 
weapons used were neither the native bow nor imported gun, but the unndy 
tongue, and even it was used in the least objectionable way. A chief, whose 
tiibe was in diograce for a murder committed the summer before, met the chief 
of the tribe to which the victim belonged, and in the presence of all commenced 
a brilliant oration in fiivor of him and lus people, while he fteltng^ deploied 
his own and hiB people's inferiority. At once, in tlie most gaUttit way, the 
. off(?nd(?d chief, in a speech equally warm, refuted the compliments so freely 
offered, and returned tnem all, with interest, upon his antagonist. This lasted 
for an hour or two, wh^ the ofi'ender, bv a skilful piece of tactics, confessed 
hxmsdf so thoroughljr beaten that he ehoold neiret be able to open Ms lips again 
in the presence of his, genenras oonqneior. Haimony, of oooiae^ wae the in* 
evitable result. 

The dress of all is pretty much tlie same. It con«r?tf of a tunic or shirt 
reaching to the knees, and very much ornamented with beads, and Hyaqua 
shells ^-om the Columbia. The trousers and shoes are attached, and ornar 
mooted with beads and shells similax to the tuniea* The dieae of ^ woasen is 
the same as that of the men* with the ezoeption of the tonlo being lonnd Ift* 
stead of pointed in front. 

The beads above mentioned constitute tbe Indian's wealth. They are strung 
np in lengths, iu yards and £i4Jioms, and form a regular currency among 
ttem, a fathom being the standard, and eqmyalent to tihe "made beaver" of 
the company. Some tribes, especially the Kuteh-a-'Enleliin, are essentially 
traders, and, instead of huutiug themselves, they purchase their furs from dis- 
tant tribes, among whom they regularly make excursions. Often the medicine- 
men and chiefs have more bead^ than they can carry abroad with them, an^ 
when this happens the company's stores are converted into banking establisb- 
ments» where toe deposits are invested for safe keeping. The women axe Han^ 
fewer iu number and live a much shorter time than the man. The latter arises 
from tlit'ir early marriages, harsh treatmont they receive, nncl laborious work 
they have daily to perform, while the torini r is caused, I fe;ir, by the cruel acts 
of iufautieide which to female children have been so sadly prevalent among 
tbem« Piaiseworrhy efibrts have been made by Uie oompany's offioers to prerafr 
Iti bnt the angniahed and hardened mothers have replied that they «d it ts 
prevent the child from experiencing the hardships they endured. 

The men much reminded me of Plain tribes, with their "birds and feathers, 
nose jewels of tin, and necklaces ot brass," and plentiful supply of paint, which 
was almost the first time I had seen it used in the district. Instead of the noae 
jewels being of ** tfai"- they were composed of the Hyaqua shells which gave 
the expression of ihefiiee a siqgoiar afpeacaofie. women did not use 



Digitized by Google 



r 



JOUBNET TO THS YOVOUK^ mSBUX AMBBICA. 419 

meli paint, its absence was atoned for hy tatooing, whicb appeared universal 
among thorn. This sitigtilar custom i^pcms to bo onp of the most widely difliised 
practices oi savage lite; aud was not unknown among the ancients, as it, or 
something like it, seems to be forbidden to the Jews, "ye shall not prmi aujr 
BMiks upon yov," Lflnr. six, {Mb * 

Polygamy, as in aliMt all iidi«r barbaitHW nations, is Toy pravaknt tmoBg , 
tbem, and in oftf n tho ponrce of mnch florrtf^itic unhappiness amonji^ thfrn. Th.e 
New Zeulandi r muliij lios his wives for show, but the object of the Kutchin is 
to have a greater number of poor creatures whom he can use as beasts of bur- 
den fcfr banliafbii wood* earryin? his meat, aod pei^Dviniiig tiie drudgery 
of fara cftttp. xhey nany young, Emt no courtship precedes, nor does any 
ceremony attend the union. All that is requisite is the sanction of the mother 
of the girl, and often is it a matter of negotiation between her and the Buitor 
when the girl is in her childhood. The father has no voice in tiie matter what- 
ever, nor any other of the girl's relatives. 

The tribes frequenting Pe(A*9 river bury their dead on stages, the corpse 
being eeoimfy enelosed in a rude coffin made of hollow^ trees* About the 
Yoncan they were formerly burnt, the ashes collected, placed in a bag, and bus- 
pended on the top of a painted pole. Nightly wailings follow for a time, when 
the nearest relative makes a feast, invites his firiends, and for a week or so the 
dend dsnee is performed, and a Wei difge sung, after wUeh all grief for 
tiiie deeeased is ended. I witnessed their dance at the fort, and have been told 
bj others that the dead song is full of wild and phiaitive atnuns*- ine snperior 
to the music of any other tribes in the country. 

Alt-iirs, or rites of religion, they had none, and before the trader^ went 
there not even an idea of a God to be worshipped. Medicine men they had, 
in iHiose powcfs they plaeed impHeit fintb; and whose aid ihey dearly pur- 
diased in Reasons of sickness or distress. They were, emphatteaUy* a people 
•witlu ut God in the Tynrld." Knowing their prejudices, I commenced my 
labors among them with much fear and trembling; but earnestly looking to 
God for help and strength, and cannot doubt that both were granted. For, 
bcAnre I left, the medieme men openly renooneed their eiaft, polygamiMa freely 
offered to give up their wives, murderers confessed their crimes, aod mothers 
told of deeds of infanticide that sickened one to bear. Then all earnestly 
sought for pardon and grnce. Oh ! it ivas a goodly sight to Bee that vast num- 
ber, on bended knees, woiBiiijjping the God of their salvation, and learning 
daily lo syllable the name of Jesus. Since my return I have read a glowing 
pictnre of savage life, when left to its native woods and streams, and heartily 
as I feel that I could be a friend of him who is, in truth, the friend of the 
aborigines, yet sadly do I feel that between theory and fnpt there is often a 
gaping discrepancy. To draw a i)icture of savage life is one thing, to sec •* the 
heatherr in his darkness" is another. To speak of the Indian roaming through 
bis native woodsi now sbiflBming over the glassy lake* or floatbg down the silent 
onfrent, may be to show the poetry of his life; bnt there is the sterner ebaptec 
of reality to place over against it. From that chapter the above remarks have 
been gathered, they present tlie heathen as they are in themselves. For twenty 
years have not yet elapsed since the white man planted his foot in the Yoncan 
valley, and since he has been there his influence has been to improve, aud not 
to eontaminate. And if a testimony be yalnable^ more from the eanse to wUdi 
H is given than frf»n the source whence it proceeds, most heartily do I bear 
mice to the hurmTie and considerate treatment that tho Indian- of iIm' Macken- 
zie river district receive from the officers of the company. In many instances 
tiiat I could mention, the officer is more like the P^i^^nt of a large family of 
aMt ebildren tbaa what bis position represents. Tbe nndonbted feet is, tbit 
tiie whole tendency of heathenism is to mntalizo and debase, while it remains 
wkb dviliaation and the Qospel to elevate and to bless. 
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SLouH yoQ desire, I bImQI be Iiapp7 next ieasoii to give 70U a few of die 

Indian legends, as well as Bomc account of the geology and fauna of my journey. 
The flora, I do not Bufficiently understand to say anything about, although, 
£rom the great variety of plants that I &aw, there must have been many iuter- 
eating to hotanistfi. When at Red river, I read a paper by Mr. Bomaton, oa 
the growth of the onion on the hanks of the Porcupine riw, and I have much 
pleaauie in bemg aUe to confirm his statementOt that it is not the real onion, 
but the cbiTB ihSi grows in mtk abondanee there* 



Digitized by Google 



EXPIORATION IN UPPER CAIIFORITIA IS 1860, 

mmut 

THE AUSPICES OF THE SMITHSONIAN INSTITUTION. 



BY lOBN FULNBB, U, 6* A« 

t 

Having been requested by the Smithsonian Institution to mi\ke cnllrrtions of 
birds, eggs, nests, &c., in the vicinity of Rhett and Klamath lakes, in tlie north- 
ern part of this State, I applied to Captiun John Adams, Ist United Stated 
draf^KHiB, oommandins Fort Grookt Ottlifimua, fbr permiasioii to Tisit the lakes* 
and was granted a fiinough of twenty days for this purpose, and was also fbr- 
nished with two pack animals to transport whatever collections I might seenre. 
Captain Adams not deeming it prudent for me to venture among the Indians 
entirely alone, and wishing to render ail assistance in his power for the prose* 
eation of the objeet in vie«r, allowed private Alexander Gratse, company F, let 
dragoons, to accompany me. The following is the itinerary of our journey : 

May 13. — Left this post en route for Klamath lake, via Yrdka; camped at 
Bear creek ; distance, 20 iTiile?>, 

May 14. — After re-ananging our traps, continued our way along the Yreka 
road, which wo found exceedingly rough. Very few birds have at this early 
part of the eeaaon made their appearance; for, although a spring month, eTeiy- 
thhi^ wears an aspect of winter, and travelling through a thickly timbered 
cmmtry and over rocky roads, one has not the same chance for observation that 
a clear and more level coimtrj wonld afford. Of the birds seen to-day I ob- 
served Ficiis albolarvatust Picus harrisiif Sitta aculeatat Sitta canadentist 
and JwMO oregoMUf but Spyrapknu mlKamtomh which hei^tofore I haY» 
found abimdant in this section of country, seemed to have wholly disappeared. 
I did not see even one specimen. At the station-house on McCloud river I saw 
for the finst time, in largo numbers, the species marked No. 511, of which I 
collected several, but loat all, save one, when attacked by Indians. Camped at 
Pilgrim's camp, on northwest branch of McCload river; distance 30 miles. 
After having leift the station-house ahont two or three miles behind, we suddenly 
struck a desert of about six mUes In extent, entirel v of sand, and not a particfe* 
of snow to be seen. This suaden change from deep snow to a biarren sand- 
level, from cold to heat, was very surprising. The desert is between station- 
house on McCloud river and Pilgrim's camp on the same stream, and although: 
a desert itself, has the appearance of an oasis in a snow desert. 

May 15.— Left Pilgrim's camp early, deeming it more advisable to travel for- 
warmth than to remain shivering in camp. Tlie winter in this section of the 
country being very severe, the springs are necessarily backward, and one will 
otten ^nd snow on this road in June; in fact, "Shasta butte," in our immediate 
vicinity, is covered with snow the whole year, presenting a very picturesque 
appearance. T%e height of the mountain is very great, and it can be seen a 
lomg dktance o£ To-day, saw large numbeis of the Oanada jay, {Perisoreua 
canadensis.) I collected sevf^ral, but conld save one only, (No. /iO?^.) Gym- 
noJdtta cyanocephala, not noticed by me at Fort Crook, California, for the 
past year, were seen in numbers to-day. The country passed over was, with 
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ray few exceptions, a barren waste. The soil does not admit of cultivation to 
a BuflScient extent to vppny the laborer, with the exception of a few fertih^ spots 
on the road, station-liouae being one ; but the intense cold of a single winter 
would induce almost any one to seek a more genial region. The mercury at 
FSgtim'b etmip nnges nom 19* to 85*, and snow &11» to the depth of ^Jimn 
JM» Distance travelled, 25 miles ; camp. Sheep Rock* 

Mai/ 16. — From Sheep Rock to Yrckn the country prcsentf? a very nnpre- 
poesessing appearance, and is almost entiroiy destitute of birds. The great shrike 
{CoUt/rio boreal is) might be said to be numerous about the cedar boshes near 
Bheep Bock. The only thing of interest I obeemd wis tfao myiiade of loouti 
Tfhibh tvann this leetion of country, deetrojring ovety gi«eii thine, even to the 
felil^ of tilio tidiest trees. The mountain tops appear alone to have esca|Md 
this plaoriip. Thpir oncroachment on the gardens of Yreka compelled tlu> o-v^uers 
to find b.orae raeaue ol protecting their produce, and I believe the following de- 
BCrihed method has proved successful:'*' A narrow boaid, six inches wide, is 
placed on the gronnd on its edge; another narrov boanU hvnnc one «9ge 
guarded by a strip of tin tacked on so as to project aUghtly hejona tfad edge^ 
iH nailed on at right angles to the 6rst board, forming, as it were, a rectangnlar 
gutter. A succeusion of these gutters fastened together forms the ** locust" or 

cricket" fence. The smooth surface presented by the tin causes the cockek 
to drop off, and after many firaitkM effints to ** seale tiie feoee," they 
the project. I have spoken at length of the hahits of the cricketein myi^ 
pended "list of birds, &c." Jflrrived at Yreka early in the afternoon ; dk- 
tance, 20 miles. Yreka is one of the principal mining towns of Oalitnmia. 
Having a letter of introduction to Judge Roscnborough, formerly Indian agent, 
I presented myself to him, hoping that through his assistance I might procure 
the servieee of some Indiui goi'dee* Jodge R. endeefmred to ditMMule me ftom 
eontinning my tonr, and even warned me against the probable hostility of the 
Indians' oti KTam ith ri^^er; hut thinking that probably I might purchase peac* 
by distributing a few trinkets among the Indians, I provilid myself with such arti- 
cles as I thought they would fancy, and determined to make the attempt at all 
eventB. Theiefbie* aftw remaining in Yieka one day, I was oUiged to start £l>r 
the kkes iritbont guides, and aeooropanied by Guise only. 

May 18. — Started for Bogus raountsdns; travelled all day; camping at night 
on Big Bogus crfH^k ; di«tj\nce, 20 miles; collected largely of birds and neats; 
but a3 the apecied of the ibrmer differ from those already collected hv me on 
JTall river, their names are unknown. The country around here is weii adapted 
to sgrienltoraJ purposes* and a sUelit labor wonid Insare large pvodnoe. 

May 19f^j£^v striking Ihe Klotn^li river, I travelled on it for eight mihs 
until 1 came to Hot Sprinrj-s, where we ertenmpe^. I learned, afterwards, from 
tlie Indians, that these springs are hold in iiigh estimation on account of their 
medicinal properties. The springs are on both sides of the river, some of them 
so dose to It that a person esn stand on the bank and pnta hand hi eaobanUie 
same time. It was within one mile'of these sprines that I first had intisMtfaHi 
of the hostility of the Indians, who^ as SOOB as &ey saw ns, made off to the 
mountains. After having been in camp some few minutes, I saw a smoke at no 
great distance from us, and upon approaching to ascertain its cause, found a 
raucheria which had but recently been abandoned and set on tire. This act, 
Indicative ol hostile intentions on the part of Ae Indisaas. eansed me to dmiigs 

my course of travel. 

May 20. — ilade a detour to northeast, crossing some very high and steep moun 
tains; found the "dusky grouse" quite numerous, but could not find any nests. 
About noon, arriving in isight of Butte Valley lake, 1 met a tribe of Indians, headed 
by their chief, Ike*' We had a long talk together, the result of which was not 

* This mathod is mors Mij described with woodonte in the Smithsoaian npoit finr im 
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ftfc «n ffiToraU® to iSbm fiwAer coaliBiAiioe of my trip. ** Ike" was ezMftctingly 

inqoisitive, and was as thoroagh in his sorv^iauce as would have been a custoui- 
house officer; he (lecliiicd affording me any assistance, and by pointin«^ in the 
direction whence we came, intimated that discretion on our side would be tlio 
better part of valor. Accordiugly, I directed my course towards the 8outh side 
of the ralley, and eame mtom Mme white cattle-lMidem. * I endeavorad to 
find Butte creek, marked on lieulaiiaiit Williamson's map* but could not, though 
- I should have hecn in its immediate vicinity. I was informed by the herders 
and pome friendly Lil-lac Indian?* that no creek or river leaves tbo yaliey, tho 
Stream I'ormiog a lake and sinking. Distance to-day 20 miles. 

The oountry patted wvr to^daj waa well waleied and timbered, aod indieated 
fiao agrieoltnral capabiliUet. At the tide of eait|p«tion flows to this section of 
tbe country, so will it rise in wealth and importane^ axkd the only drawba( !: c 
present is the presence of the hostile Indian?. DnriiT:^ a conversation held with 
the herders above mentioned, 1 learned that ilie ludian:? had recently killed sev- 
eral heml of cattle, and had manifeiitcd a deiiire to anuoy the whites to such au 
«tttiit that theif would be obliged to leave tbe eoimtiy. The Indiana are very 
jeolooi, and consider emj emi^aliQa of whltet into their oonntryaa an eaeioach- 
aient upon their rights. 

Ma// 21. — To-day I was quite successful in collecting specimens, and as the 
fruit of my labor I can enumerate several varieties of water-fowl eggs, nests, &c., 
Irot I regret that our engagement with the Indians (spoken of hereafter) de- 
prived me of most of them. The *'btown coflew" {Numemug longitoatru) wat 
very abundant here ; but from the several colleeted, I have been able to preserve 
but one nest, containing three eggf*. When found, all the nests contained four 
eggs, and as nicely arranged as if placed by hand. Large numUer.^ of "mnd^ 
hens," or coots, {Fulica amen'cana,) were seen; in fact, they were the most 
abnDdant bird hveeding; they lay tnm nine to eleven eggs; some of them I 
taved ; they build their nests of tules, and tdeet ^e edge of the tule conine* 
and hy breaking them down and building on them, tlioir nest? hn^-t^ the appear- 
ance of floating baskets. T\w friendly Indi i is, who are living wiih the herders, 
promised to assist mo on the foiiowiug day, aud with their aid I anticipated great 
auccett. 

Maiy S2.— The ibree Indians who yesterday promised me thdr assistance 

disappointed me, and assigned as a reason for rdTusing to accompany me, that 
the Jndi iTT' of Ike's band having recently stolen cattlo from the wliites, they 
feared a general fight. The herders also said that the Indians had stolen sev- 
eral head of cattle, and that Ike's baud were the perpetrators of the theft, and 
naked me if I woaJd aeeompany them in visiting the chief and tsllc with him; 
if they eonld exact a promise of good faith on his part fyt the {ttturc, they were 
willing to overlnilv the past, and also make him some presents of cattle. Ac- 
cordingly we went to Ike's camp, stated our object, and expressed a desire to 
live at peace witii iiim, and endeavored to impress upon him the idea that he 
had acted wrongly in stealing cattle; that such acts would exas{»esato the white 
men* who would come in great numbers and kill his whole tribe. Ike listened 
very stoically, and replied that he had killed both men and cattle, and it was 
his intention to do so again ; he said the country belonged to the Indiana j that 
the whites had no business there, and that he would drive them off. Finding 
that we could not come to paciixc terms with Ike, we determined to return to the 
herders' camp, there to consult at to the oouise to be pursoedt and I to prepare 
jbr the continuance of mv trip; hut wo had not gone more than three hundred 
yards when the Indians fired on tis; they numbered thirty or forty, we !)ut four, 
including one friendly Indian; we were obliged, therefore, to seek shelter in the 
timber ; but so hotly did they pursue us that we bad but time to make good our 
reu-cat to a deserted cabin tome tAx mllet disttat* whkh we hanicaded as best 
we could, and otade '*loop holM," tbioqgh which to dlichaige our pieces. Thus 
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fortified, we could have withstood the assault of quite a^ largo force; but one of 
our party, a yoinij^ m'^rriefl man, had a wife in a cabin pomc two miles distant, 
and as he was apprehensive of her safety, he determined to go to her, which he 
succeeded in doing, escaping the vimlancc of the Indians. Our cabin was at- 
tadced aereral timM, Imt we beat off onr aeeailaiits and took ndTantage of dm 
6over of idgbt to ftiake good onr retreat to the cabin of the nnnied msn, wliero 
I found my companion GiiiBc, who liarl preceded me. 

May 23. — To-day the three friendly Indians left us, but were forced to 
return, aa they were attacked by Ike's baud. A re-enforcement of three white 
men haTing arrived, we determined to leave the oabln and ghre the Indiasia 
battle* which we did, and succeeded in driving them to the momitains, with a 
loss on their part of their chief and several warriors. We captured some eighteen 
horse?, two fine rifles. Baddies, &c. Our party escaped unharmed, wbicii was 
somewhat remarkable, as the Indians lai-geiy outnumbered us, and were good 
marksmen. 

Learning from one of the men wbo jost JoiDed xa that hibbAj all ih» troops 
at Fort Crook had been ordered to Canon yalley, on aeeoont of Indian on^ 

breaks, I was desirous of reaching; Imrno as Boon as possible; and as soon as I 
could pack what few specimens the Indians had not destroyed, and make somo 
necessary preparation for the road, 1 started, and arrived at Fort Crook, Cali- 
ifomia, on the 87ch Instant My eoUecttons were anbeequently forwarded to the 
Smitbaonian Inetitntion. 

Fi*om observation and information received from the Indians, I am convinced 
that a very interesting collection of nests and egp^s of water-birds could be made 
from the Ilhett and Klamath lakes. May and June being the most fiivorable 
Jiionths for collecting. May, and first week or so of June, for water-fowls j 
latter part of June for land4>irdB. Having visited tbe lakes at too early a aeaaon 
for obtaining nests and eggs of tbe mountoin, or land-birds, I was able to observe 
very little as to tlieir manner of constructing their nests. On the Klamnrb river 
1 saw immense numbers of lonj^-win^d swallows (the name unknown) building 
on the sides of rocky cliffs. Clark's ©row and wild pigeons were also engaged* 
inbnilding neata; both of tbem are to be fbnnd in large Dnmbers about tbat pan 
. of the country; also, plover, snipe, and divers, but no neata ooiild be found; yet 
I am told they will build about the middle of June. 

KOTES UPON SOMJi ^LNiilALS OBSERYilD DUEING THJi EXCUKSION. 

MAMMALS. 

Little prairie dog. — I saw thja little animal for tbe first time about four miles 

north of Fort Tejon, California, on a small plain, ami in* t with it np-ain in Butte 
Creek valley, on the soutli side, where they were quite numerous. It has the same 
habits as tbe prairie dog found on the great western plains. The latter lives in 
separate boles; the former assoeh^ together, seTsral li^ng in the same bole. 
When approached, they give a signal, which can hardly be called a bark, but a 
single " zcck this signal is repeated by all, arfd then a general scampering for 
hole? tnkes place; arriving at which, and out of harm's way, they «ir on their 
haunches, like a squirrel, and look about to reaSBurc themselves of their |)erfcct 
safety, all the time continuing their "zeck." Should they suspect danger, they 
dart quickly into their boles, and there remain for about ten minutes, until allis 
quiet, when, cautiously venturing out, they resume their gambols. 

Molet. — Of this family I had two kinds, ar.d, in fnct. the finest I ever saw; 
one caufrht on Bogus creek, with glistening silver-gray fur, the other on Klamath 
river, with black fur and velvet-like appearance. They were of the same size 
as the common mole. Both of them I caught towards evening, when they 
were digging in the ground. Theso two moles and five pndrie oogs I kwt hi 
the fight with the IncuauSi 
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BIRDS. 

Picu9 albolarvatus, (white-headed woodpecker.) — ^This bird ia abandant in 
the high timber between Fort Crook, GaliforoiAf and Shasta Butte mountain. 
I saw it very aeldom about inhabited places. It hunts, like all woodpeckers, 
in the bark of treea for insects, and generally iu pairs, by commeociog almost 
on tJie loot of the tiee, moving in spiral ciides np on the tronk, keeping from 
time to time a shxilUng note to tell its companions its whereabontt • Its flight 
is an up-and-down movement, like that of most woodpeckers. I never oaw it 
in pursuit of flics or insects in the air, like so m?my of its tribe. 

Picus harrud, (Harris's woodpecker.) — Thid species, in iis habit.s, is closely 
allied to the first mentioned, except in not avoiding inhabited placed, a& 1 have 
often seen it in search of. food on the pillar of my porch ana adjoining' fence. 
It will frequently be seen moving downwards on a tree, keeping the body in 
an upright position and moving sideways and downward;- — the head always 
up, never down, in these movemeats. Its notes are similar to, but «liin per than, 
those of Picus albolarvatus^ which it also resembles iu flight. It Bcidum gives a 
note while engaged in search alber insects, but generally, when leaving a tree, it 
repeats it until it has slighted on another place. It inhabits this country during the 
whole year, and cares very little about bad weather. I have seen it in rainy and 
snowy days, and late in ^he evening, boaily engaged in the destniction of worms 
and insects. 

(hUyrio borecUis, (great shrike.) — ^This bird is generally*to be seen on the 
borders of timber, abont brush, where it will always seleet the highest dry 
brandi. Vc^r j few are to be seen about Fort Orook, California, but in Shasta 
valley, abnnt the cedar brush, near Sheep Rock, I found it quitp ahnn Unt, 
and pugnacious as usual — at war with tlie larj^er birds to keep tliem away from 
its haunts, and the smaller ones to kill them for food. Birds and grasshoppers 
are its prey ; of both killing more than it can consume, and fastening the " snr- 
idns" to a thoxn or bmsh, there leaving it to decay. Judging from the num< 
ber of crickets I saw transfixed to thorns, the sanguinary habits of this bird 
should be commended rnther than condemned, as thoy prove useful agents in 
clearing the country oi one of its greatest plagues. 

Ccrthia Mexicana, (Mexican creeper.) — This bird is very abundant iu spring 
and ftll abont Fort Orook. I fonnd it almost eveiywhere, and camiot say 
whether it prefers the vicinity of pine or of oak trees. Busy in its solitary 
movemeTi*3, it would be seldom observed but for the frequent utterance of its 
lonely tlnri' notes, the first sharper than the two following. Its color corre- 
spouda very much with that of the bark of the trees. I always saw this bird 
moving upwards, never head downwards, and going in spiral circles or straight 
lines np a tree ; instead of a kind of jumping, like woodpeck^s, their movement 
on a 'tree is a kind of running. The approach of a man will not drive them off. 
I have often attempted to catch them with my hand. If accidentally seen by 
them, or if a shot be fired close by, it wiii oiten stop on the same spot for some 
time without giving a sign of life ; at other times it will turn on the trunk of a 
tree on the same side, close to the intruder ; but onee started, its flight is quick. 
It is generally found in company with the titraouHe and nuthatches. 

Siffa acu/eafa. (western nuthatch.) — This bird inhabits this part of country 
durnig the whole year, but is not so common or abundant as might be expected. 
I often travelled in the forest for whole days without observing one. They 
generally move in pairs, and will be noticed from a long distance by their 
sinffular " quak, qnaL" It is amusing to see this little bird, so full of life 
and activity, moving upwai'ds or downwards or sideways, on top or on the 
lower side of a limb; in fact, taking every imaginable positiou to secure ants 
aud insects iu or upon the scaly bark of trees. 
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BUta emudmtu, (red-beHied nudutaih.)— This bifd iOMBibles in its liaMti 
the SUta a eu l eata , always movin<^ up or down in spiral drcles on the trnnk of 

a tree, upon or on the lower side of a limb, in search of ants, insects, &c., fr©- 
qnently repeating its note " qoank," a good deal sharper than that of Sitta 
ac-uleata, aud keeping moatl^ iu the dark, distant forest. I often saw it on the 
point of a dead tree flappmg tbe wfaigs by taming in every direetion and 
making a whistling noise. I fennd ibis bifd more etmnlng than the prece^ng 
species ; their quick movements and great care to avoid the hunter's sight makes 
it often troufaleaome to shoot one. It inliabitB this part of country during tbe 
whole year. 

SiUa pvgnueOf (the pygmy nuthatch.) — (Nos. 5, 22, 33, 34, 102, 199, 200, 
of my Goueetioa forwarded.) This bird is very abundant in Ibis seetiom eC. 
oountry, and in color and habits almost like Sitta eamadtimt. When I first 

observed it, I supposed it to be a young bird of the species just raentioned, but 
by closer observation I soon found it to be distinct. More than one pair of 
SiUa canaden^i^ are seldom found together, whereas this species travels in 
flocks numbering sometimes twenty and more, accompanied by titmice, CerlAta 
mexicana, Sitta canadensis, and Sitta aculeatat and instead of the note *' ijuank 
quauk," it has a chattering whistle. It usually searches for its food only on 
branches and limbs ; seldom will it bo seen moving on the trunk of a tree. 
The pine nuts are very closely searched for their seeds ; when found, it alights 
on a limb, where, holding it with one foot, it hammers with the bill until it has 
broken it in sack p#rts as to enable it to eat its seed. If it should happea to 
one to drop such a seed, two or three will be seen diving after and catching it 
before if c^ii reach the ground; another place will be found, mid the hammer- 
ing commt'iict's afresh. The scene presented by observing a party of these 
little hirdb ail iu a busUe and activity, engaged in breaking pine nuts, and to hear 
their chattering and hammering, is very inteiestuig* ana remmds one of an 
immoBSc machme shop, where all the niechanics are busily engaged hi the 
Tarious divisions of their craft. 

This bird is not so much afraid of the approach of a man as Sitta Canadensis, 
and I have seen it almost every day on the trees about the post ; but at breeding 
season — June, July — ^it remoyes to the thick forest. 

PipUtQ cklontra, (Blanding's finch.) — ^This bird generally inhabits mountains 
barren of trees, and only covered with chaparral, always keeping close to the 
sheltered thickets, where it searches among the dead leaves, &c., for its food. 
About Shasta butte, (northeast side,) they might be called abundant, but I 
neve.r saw more than one pair together. Upon alighting on the top biciiichcs of 
a bush it utters a sliort» sweet, and lively son^ ; if alarmed when so cn^ged, it 
dives into the brush and disappears fiiom Bi^t, and is then very dimoill; to 
shoot. 

Jwnro oregonus, (Oregon enow-bird ) — I found this bird to be very "abundant 
throughout the whole of California. On ray route to Rhett lake, &:c., Tmet 
with large flocks iunong the brush or underwood, searching on the ground 
among the dead leaves for their food, uttering a chirping noise. When aLnned 
they quickly take to the thickets or trees ; but if no further danger is appre- 
hended they come out again and* continne their search. When undisturbed 
they are very familiar, sometimes coming almost close enodgh to the obseiyer 
to be touched with the hand. 

Xa»Uhoeepkahttiei€roe^haiiu, (yeUow-headed blackbird.) — ^This bird anives 
eariy in spring in this put of the country, where it remains until the breeding 
season, in Juue ; then it removes further north, where it selects the margins oi 
the lakes or iwampy valleys covered with tules, in which it builds its nest. 
This is placed about six inches above the water, and is formed like a basket, 
by twisting dry or swamp grass around several pieces of tule until it has formed 
a nesk Jt gwoteally h^s fym ^gga. While the female is setting, the naH 
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nnCleiiIail7 in tin ncnnitig and evtenmg, dow liis bett to please hk mate 

hia BOQg, iniich much reaemblea the creaking of a gate in want of oil. Should 
& hawk approach their .breeding place, the alarm is given and hundreds will be 
Been fluttering about the intruder, less with intention toflght than to aanoj lum 
with their noise, which they coatinne until ho has left. 

Several uests sent on by me are of cmother spedw of blackUrds. which bseed 
OB ike gtoimd in litde Moahee or biiiiek^a8B> Imt I am not able to give tli«r 
namea* 

Picicorvut columhian?a, (Clark's crow.)— Thi? ppecif^ T fifst obgerred about 
Pitt river, and on SroiiLman's ridp-e, in very small nurabers, but on the moua- 
taius between Klamath river and Butte Creek valley I met with them ia 
abimdaiiee, flying from trae4op to traa4op« like a, jay, emittio^ from lime to 
tine a note or cry roaemliKng vecj much that of a crow, and hammering on 
the bark of trees and on pine nut3, upon which it very probably feeds. It is a 
very ehy bird and difficult to secure. On opening some of them, towards the 
end of May, I found quite large eggs form^ in the female; but I never saw a« 
nest. 

CjjWMWw HeUeri, (SteUer's jay.)^T]iii jay , the noat eaonlng of ita tribe, Z 
mal with everywhere in the timber or bruaa along ziraB or oreeka. On the 

approach of any intruder it ntfers a vehement outcry, jumping from limb to 
limb, and from one tree to the next, until out of sight. In addition to this 



CTaetneaa. Jaysi In ganenl, are aotive, Ihrely^ btrda/imt thie epedes ia enperior 

to all othna In OaUfonia* feeding inijU£Parently on the ground or on treea. 

During the summer season it keeps constantly in the* forest, but heavy flills 
of snow compel it to seek food and shelter about the settlements, and then it ia 
easily caught in traps. When caged it sooa becomes tasked, and eats freely of 
meat in preference to a vegetable diet. 

OyAinokiUa eyamoetj^halaf (Marimilian's jay.) — ^The first time I saw thia bird 
was at Fort Tejon, California. Tbej generally fly in flocks, keeping on or 
along the mountains, and, when so moving, their notes, which are almost pleasing* 
are Irequently given forth so as to guide the stragglers ; but when in search of 
food they are perfectly quiet, and the start lor a new flight is announced by 
oommeneing their ndlt^ again. They generally fly very bight and feed moatlj 
on' cedar>berries, but also seaieh on the ground for food. It ia difficult to ap* 
proach and shoot them wherever they arc, as they arc always on the lookout} 
in fact, all that I killed were obtained by secreting myself under a tree, &c., 
on a place whore 1 had previously seen some pass, those iu the rear always 
following iu the same durection, guided by the notes of the party ia advance* 

One S»,j I obaenred a fleck drinking. Tlie whide of them first alighted on a 
tree near the creek, and finding all qaietf about fonr of them took to the ground 
and satisfied their thirst. When these were done they returned to the tree ; then 
all the others followed their example. 13y this arrangement some were on guard 
idl the time. No sound or note was uttered uutil all had douc, then the ilight 
find noise leoommenoed. In the winter of 1858 1 caught several of them; in uol 
two eame of their ownaooord into my town and made themselves quite at home^ 
which astonished me very much, because I had found this bird to be very wild. 
The intense cold, however, and the covering up of their food by the snow, 
compelled them to take refuge about our quarters until the snow had gone from 
most of the couutxr. 

Pentorem etmmamtu, fOanada ja7.)^This bird I fifit saw in 1859, in small 
numbers, when on an Indian scout, about Losaen'a bvitle* hovering noiselessly 
about the road, catching flies by darting from one tree or bush to another. 
Their flight is light and eaay. Abbut Shasta butto (north and east side) I 
£ound them ia large numbers, up to twenty together, noiselessly and busity 
engaged, and aeardiing for inaaeta on the gcoond. Hon I shot and preaerrad 
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several, but could only save one FpecinicTi. They appear to prefer the snowy 
region, well suited to their long and downy feathers, and T never met any else- 
where. Some of the jay tribe known to me 1 saw engaged in their habit of 
catching insects in the air. They differ from any others of then* tribe that I 

€TfT VMi With* 

iVo. 308 of my collection, (not idontifiecl.) — ^The first time I obserred fids 

bird was at the statioTi-hon!»p on McCloud'H river, whero ^t was in largf? imm- 
bers. At first sight 1 thought they were crof»s-bills, owing to their manner and 
whistling note, bat by closer observation found the diflfei-euce in size and color. 
The whiBtling noise of oo large a party etat be heard a eoDBiderable dntance ofL 
. TbeSr flight is swift, and when flying their wings make a Aniprishig noise. I 
sat under a willow bush in Butte valley enj^af^ed in cleaning eg^, when I snd- 
' denly heard a noise in the air as if several hawks were diving at their prey, nnd 
before 1 had a chance of leaving mv place to see where the noise came trom, 
all the willows w^ covered with these birds, whistliug and jumping in a very 
lively and detlve maniier, and feedmg on the willow bnds. I had prerurasl7 
obtained two spemoMiis only of this speeieSt (shot at the station^onse on Ken* 
Cloud 'b river,) and here having so fine a chanceYor more, killed Beven specimens 
at one shot. All the others, with their usual noise, took flight to the moanUuilflt 
On opening the females I found quite largo eggs already ibriaed. , 

Numeniui longvwins, (long-bilkd or nrown oorlew.)-^This bird is seen at 
Fort Grook during the springs but only while migrating north ; bat in Bntto 
valley, particularly the western portion of it, which is swampy, they appeared 
to be numerous, cf^gs and nests being ahundaut. T!ic nesta n n bnilt of dry 
gprass, placed in a hollow previously made in the dry ground. 1 he nests usually 
contain four eggs, nicely arranged, with the pointed end towards the centre* 
This bird makes a singular noi^o, somf^hing between the oooing of a doro and 
the whistle of a quail. When driven from the nest by the hunting of the dqg 
it displays grenf PMjracity byleadiiiir the flog a circuitous path from the n^st foe 
some distance .m l ihcn ''ndJcnly llyin^ utf At first it hops or flutters along 
like a young bird, aud juat wlieu the dog is about to pounce upon it, off it flieSi 
nttering its note, eooi» eooi, soonding like a contmetiQii of go away. 

F^illca timericaiMf (mud- hen, or coot.)~This bird, common throughout ihts 
State, is particulary so in Butte lake, where there is no difficulty in procuring 
immense quantities of eggs and nests. I have myself seen a canoe-load of eggs 
collected in less than an hour's time. The nest of the bird is budt on the water, 
and, as its eonstraction ia somewhat novel, I will endeavor to describe it at 
length. The tnles bordering the waters ve bent down, one towards another^ so 
as to form a base or foundation ; then other tules are interwoven, adding strength 
to the structure, and the whole \^ finished off by an interlacing of the same 
material. The whole, when fini-liril, has tlie appearance of an inverted cone. 
The uests generally contam irum uiiae to eleven eggs, aud present the appear- 
anee of a &atmg basket. 

Ducks — I never paid maeh attention to the ducks, owing lo the vast nnmher 
found over the whole country. During my trip to the lakes many opportunities 
presented themselves for becominir acquainted with their manners, habits of 
breeding, &c., but I was prevented Irom availing myself of them on account 
of the Indian difficulty spoken of in my letter. The most fiiYorable season for 
OoUeeting eggs and nests is the end of May and first of Jane. Docks genev- 
ally select high grasSj or little brush, on the skirt of water, lakes, rivers, &c* 
The nest will be easily found afrer detecting the trail leading from the water. 
The duck never alights near the nest, but at some distance from it, m order to 
avoid notice; after alighting in the water it swims to a spot near liie ue;5t, and 
then, walking through the grass always iBcom tha samopointt makes the tmil 
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■Mkeo o& Several and netto have alnady been ibnrarcUd* but 1 anim- 

able to class them, as the bird was not seen on the nest* 

Humming-birds. — This family is well represented about Yr^'lc'i and vicinity. 
I found several nests, in all of which the eggs contained embryos. The nests 
I had were of three kinds: those found on willow bushes (Atthis anna) were 
lined with spider webe, thoee en oak ttees (CaUothwam enUiope) with am^ 
scales of bark, and some found about Treka on email bushes were coated on the 
outside with a combination ?m,ill leaves and scales of bark, boiinrl togrether with 
fipider woba. Of birds I only obtained two. The head and neck of one were 
of a very brilliant fiie-coior, ( Atthu anna J the other resembling the CaUothorax 
mUUope* bat with a longer bill; thie latter one wa» abundant about the willow 
broah at Bntte Greek TaUej. Both noMa and biida I lost in the diffieolty witli 
the Indiana. 

f ^ S B CTS • 

Grasshoppers. — The^e insects were first Been by me in Pitt River valley 
during the summer of 1859, and jn such number as actually to cover the ground. 
They were confined to the weet eide ef the river, whieh divides the valley, none 
being seen on the opposite side save a few» whieh, hs;viQg ftllen into the streein, 

were carried over. So numerous were they that vegetation was enthrely destroyed 
thron<rliniit the valley on the west side of Pitt and Fall riverp. 

Tilt egg« are laid in July and August. The insert; deposits ilie eggs by 
making perpendicular and oblique holes m the ground, to the depth of an inch, 
bj means m its taO, whieh is smiped like a bajonet» and is hollow. The eggs 
are passed from the ovary into this tail, and are dropped one by one into the 
holef?. The localities selected for making these nesta, or holes, is generally on 

.ground slightly undulating, thn nature of the soil making little difVerence; tho 
nests ^re generally made on the sout|]i side of the hillock or kuoU. Some six 
eggs are had in eaeh nest The eggs resemble, in form, pieces of vmiiceUi of 
one-fourth of an ineh in length, aiul are of a mflkv-white eolor. After making 
some three or fbtir nests, or holes, in the manner described, the insect dies, sel- 
dom living more than twelve hours after the last deposit. It appears to have 
no particular food, but feeds nj)on all kinds of vegetation; it will eat the dead 
and crippled of its own kind, but i uever observed them destroy one another. 
When caught m the band ther Idte, and emit a very disagreeable, dirty, datk« 
greea flnid from the mouth. It ia remarkably tenacioos of lifb; I cut ue head 
off one, and could distinctly see signs of animation some twelve hours after. 
There is but little diflerence in size between the sexes. Immediately before 
uniting sexually, the insect without the tail (which I presume to be the male) 
utters a shrill, whistling sound, as if to call his mate. The seznal act lasts 
about one or two minutes, and the pecnUarity I observed at diis union was, that 
^ one whieh I presume to be the female was over the male, instead of the 
reverse. After the act a small bag — evidently the ovary — is attached to the 
bofly of the female close to tho tail; this is extracted from the other without 
the tail j after a while the bag disappears. The time which elapses between the 
seznal act and tiie deposit of the eggs I am unable to state, but af^r the eggs 
are deposited it i.^ my belief that they remain until the ibUowing epring before 
being hatched. Their migrator}'' flight extends but a few miles. When moving, 
they start in the morning, and, from their precision of movement, they appear 

.like a vast army on parade. The course once marked out, they never deviate 
from it on account of any obstacle, but move straight forward over hooses and 
an dse. Clear and warm days are diosen ibr travel, but the too seofching ravs 
of the sun will cobse them to bqA shelter, as will also inclement weather j the 

1^ cover usually selected is buncly-grass or low brushwood, &c. 



* Those iUeutiliud t>oloug to the red-br«^sU3<i teal, ( (^utrquedula c^anopUra.)—^. F. B. 
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In cbi&giiig the akin the inaeek Ibateiui Itaelf on a trae or other object, bead 

downward, and after much exertion cra^-l^ nut, bead foremost, leaving::, to all 
appearance, its very conntfrpnrt behind; they now present themselves in a suit 
of light green, in exchange tor the dark brown. The onlj effectual remedy 
against the ravage of thta fnatet ia the "erieket-fenoe." and tMi atrnfitara* 
aimple as it ia, haa proved the only barrier. 

The crickete were seen in mmil]^r8 in the vicinity of Yreka, and as far on my 
route as Bog'ns nionntain. Thus it wHl appear that they are not a universal 
plague in this section ot country, but vit>it certain localities only. From what 
I could learn from the Indians, the cricket makes its appearance every three 
yeara, and I wbb alao informed hy tbe Indianfe that Shasta yaUej ia known na 
•* Orieket valley i" benee it wonld aeom that Shasta TaUey is iheir range. 

[The intrepid explorer whoae notes wo hare here pnhliahed, and to whom the 

Smithsonian Institotion is indebted for a laige nnmbero^yalaable apedmens ol 

natoral histoiy* fell a victim to the treacheiy of the Indians. The details of 

his &te are given in the foUowing report of General Sullji on whoso staff lie 

served as engineer: 

X On the S8th June* 1864» we leeehed the Little Shyenne. Captain Feifaier, 
let United States cavalry, with two detailed men, proceeded ahead of the 
column to the cre'^k of the Little Shyenne, and reached it at the same time a 
party of my frit ndly Indians and haU-brceds did, but about half a mile below 
where they were, and hidden from their view. The column had not yet arrived, 
and as it had been raining bard tiie night before there was no dnst visible. A 
small war party <tf Xlnneeota Siou± were camping in a thick doster of bnuh 
and trees where the captain dismounted, and while he was in tlie act of getting 
Bome water, three Indians fired about six yards from him. Two of the shots 
took efifect, and the captain died in great agony about two hours afterwfgds. I 
am thus deprived of my engineer officer, and the country of the services of one 
of ita most valuable and effleient officers. He had for many years served in 
die 1st United States cavalry — ^formerly Ist dragoons — as a non-commissioned 
offict^r, bad been in a great many battles, and it is sad that he should Iopp bis 
life ill liiia way. It was all liwin;^^ to his enthusiastic desire to collect as many 
specimens as possible for the Smithsonian Institution. I had cautioned him 
several times about the risk he ran in going so for from the command, and on 
fte night previons to the day of his deaui I sent for him to my tent to talk to 
him on the subject, and I offered him a party of ray scouts to protect him, as I 
was desirous that ho should do all he could to forward the scientific researches 
that he was sent here to attend to ; he promised me to accept them, but did not 
do 80.** J. H.] 
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April 4> 1894. — ^Left Racine, Wisconsin, on the steamer Traveller. The day 
was fine, with a gentle breoze from the north. As the boat glided on, large 
numhers of herring gulls, Lams argentaius, followed in her wake, picking up, 
with clamorous cries, whatever woold serve their gluttonous appetites. I uo- 
tioed one ring^billed gull, Larui zcnorkynekuit a lesser, moreaetive, and grace* 
fill species. Saw a scoter duck, Fuligula amerieana; this marine speciea U 
occasionally met on Lake Michigan during winter and early spring. 

5{h. — Sinyed in Chicago last nig'ht. In the forenoon we IkuI a pleasant ride 
on tho (iaii na railroad to JU-ockford, on Rock river. The train parsed close by a 
floek of wild geese, whieli appeared moie surprised than frightened, arranged 
soldkrKUke in a long line. They ^ilendy gazed with upstretched necks, lookf 
ing as if they would demand " What next V* From Rockford we went, In tl^ 
afternoon, by private conveyance, to the residence of Hon. S. £ugglesy near 
Grand de Tour. 

7th.— Rigged out our " traps " and went on a fishing excursion to Pine 
cre^ a small rocky mOl-stream that empties its waters into Bock river. 
Oanght a number of fish, tome of which iwere new to me; mptored a garter 

snake, Eutcmia airtalU. My son met with a liog-nose snake, Hefcrodon pla- 
iyrhinus, but did not succeed in capturing it; the harmless serpent succeeded* 
by hisses and threatening attitudes, in intimidating the boy. 

8th.— >Went on Bock river to-day ; caught several species of fish Mid a'niQii* 
ber of batrachians ; nothing, however, new. The 'Hylodes gryllus is an 
abundant species here, keeping up almost a continual clicking rattle, which may 
. be readily imitated by striking together two small pebbles, commencing slowly 
and increasing to a rapid chatter. I amused myself by " starting the tnne," in • 
which these diminutive castanet performers did not fail to join right merrily. 
'Shot a ooot, (FttUea,) a marhled godwit, UMOtafedoa, and several field spar^ 
rows, Spizella piisilla. Saw large numhers of geese and ducks. My son col- 
lected a fine lot of shells ; some of th6 unios were most beautiful and perfect. 

9t]i. — Shot many ducks, a swamp sparrow, and a grass finch. 1 saw a largo 
number — I should judge nofeless than a hundred — ^painted tortoises, ^«»^* /?ic^a, 
dead on the margin of a mill-nond, where they hail been left by the melting of 
ice and frozen mud which haa been dislodged and driven on shore by the spring 
freshet. A part of the pond was shallow and had frozen during the past unu- 
sually severe winter to the bottom, including a considerable stratum of mud in 
which tho tortoises had crept to hibernate. Can any reptile be revivified af't<>r 
being thoroughly frozen? It is well known that fish will survive freezing, bui 
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judging from several experiments made on serpents, I am led to consider rep- 
tiles too highly organized to recover after being completely congealed. In no 
single instance have I succeeded in i-estoring snakes to life that had been per- 
fectly &ozeu. Under these putrefying tortoises I foaod numbers of beetlesi 
OieeopUmta margindta* Smt* to day, the first Sglviccia conmata. 

11th. — Had a pleasant drive of thirty miles over a most beautiful prairie 
c-nimtry to the " Junction." in f.n f>.-ille coont/* Saw gMSOt dacksi Bsnd-lull 
craues, and golden plover m <Llm;: (la;;ce. 

12th. — Left the J unction at iiaii past three in the morning, and in fourteen 
koQiB we were In 8t. Louis, distance 217 miles. the Jnuction there was 
bnt Uttle eyidence of spring, vegetation having scaredy started* hot, as we ap- 
proached Springfield, the influence of a more sonthern climate was strikingly 
apparent, for the red-bud — Cercis canadensis — and peach tree were ki blossom ; 
and at St. Louis the pears, cherries, and plums are in full bloom. Such a 
change on the now smiling face of nature, since morning, is more like magic 
than realit/. I noticed in. a barber-shop window a hkuA-beUiedfoz tqmirrd, 
just such as we find in the vicimty of Bacine; on inquiring I leanied that it 
had been obtained up the Wisconsin river. 

13th. — Left St. Louis in the eveuing on the packet Honduras. 

14th — Making four miles au hour, iuciudiug detentions on sand-bars. I saw 
this morning a number of oormoiants; they most seldom be met any great dis* 
tance from the mouth of the Missouri river, for we saw none above this. Saw 
a duck ha\\'k fly to her eyrie in the face of an inaecesaible cliff with a duck in 
her claws on which to feast her young. 

15tli. — We find ourselves, this morning, only ninety miles from St. Louis. 
Turkey vultures are negting in the cli& all along the river. The crows follow 
the steamboats for the purnose of picking up whaterer la acceptable to their 
omnivorous ciawSf just like tne gulls on the lakes. Ho gulls on the Missouri 
river. 

16th. — Arrived at the ret^idence of E. Elliott, esq., on the river, ten miles 
below Booneville, in Cooler county, where we propose spending a week. 

17th. — ^Made a prelimmary excursion to-day. The surface of the country 
heve is much broken; soil on the hills good for wheat and most other small 
grain ; corn and hemp raised principally on the river bottom. The timber 
growing on the hill.s ia composed of various species of oak and hickory inter- 
spersed with ea^siafraij of an unusually large growth ; ou the bottom, lands, of 
Cottonwood, sycamore, maple, elm, hackberry,( Celtis,) honey-locust, ( Gleditsckia,) 
6o^e>bean, {Grymnodadtu;) on the hitt^det, of mulberry and ledbud mattea 
together and overrim with grapevines. I was much surprised to find such fine 
old fruit orchards as we saw here. The trees are Vcmarkablv vijrorous ;»Tifl 
healthy, free from the attacks of insects. One pear tree, 35 years old, on the 
<*£lliot farm," produced the last season 45 bushels of excellent fruit. Peaches 
seldom or never fail to yield an abundant crop. Apples are now plenty at 2$ 
cents per bushel, delivered ; and better flavored, fairer, and more perfect fruit I 
never saw at this season of the year. Grapes do wt 11 with but little cultiva- 
tion. All things considered, the hilly country borJeinng on the Missouri is 
one of the best fruit regions to be found anywhere. But few migratory birds 
have yet arrived, while vegetation is as forward as it is in Wisconsin on the 
l&th of May, but the ciested tits and cardinal birds b^ thdbr menry whistle do 
what they can to compensate for the deficiency of singing birds. Shot several 
equirrelf ; the grai/ squirrel here ia no doubt distinct from the Wisconsin spe- 
cies ; the Jox fiquirrei found here appears diff"erent likewit^e. The want of un- 
varying characteristics by which closely allied species of t:k:iuridm may be dis- 
tinguished is to be lamented ; for after all that has been done by Bachman and 
others in this department, it must be admitted that there is yet much confusion 
and uncertainty ; we look with hope to the ezteofflve collections bcdng made by 
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the fiknithfloniaii Institaikm far nmterialB Huit will settle eatla&eterity this per- 
plexing matter. My son captared a nvmher of insects, among which were 
several Papilio ajax ; this speeieB Is nnmenMis heie» ^ papaw on whidi tiie 

larvoe feed being abundant. 

18th. — Rigged out a team and went on a small branch of the Petite Saliue 
to iitih. After following the stream three or four miles and wadmg a good deal i 
In the disagreeable muddy water, we had to letom without even seeing a single 
fish ; a Bonqir commencement in Missonri. We saw an abundance of the fol- 
lowing species of frogs : Rana pipens, R.Jbntinali8, R. palustris, R. l alpcina, 
R. sylrafica, and Hylodes grylhis. Shot a Canada goose and a number of 
small birds. White-tronted and Canada geese are here remarkably abundant ; 
they remain all winter and do much daimige to the fidl grain; one field that 
ve saw, containing twenty acres wheats was quit« ruined. 

19th. — Went to Booneville; on the way we fished in a small brook and caught 
several interesting little fish — amon? tliem one beantifal species of ^keoUtmOt 
marked with bright blue and red bands. 

21st. — Went on the river bottom ; got one parrakeet and a fine little sturgeon j 
eanght a garter snake, which had a row of red spots on the side of the nedk, 
between the scales, such as I never saw before. In the afternoon we Tinted 
" Same's Fyravrh** a small tributary of the Little i^aliue ; water muddy and 
brackish; caught but few fish; among them, however, were two species of 
Pomotia that probably will prove new. Wild turkeys plenty; came near getting 
a shot at a'iinie old gobbler. I obtained to-day a ScoUnkU aUegkamimni, 11 
' inches in length, the largest I ever saw; it was ghot whue basking in the tc^ of 
a large oak, some 50 feet from the ground ; there were two in company, appsp 
rently of equal pize ; tlte other escaped by crawling in a hole tliat was in the tree. 

22d. — A black boy brought me a living Alleghany black snake, which w© 
released near the root of a tree. The serpent, seeing that it was surrounded, 
commenced ascending the tnmk, bat before it got ont of reach I pulled it down 
and removed it some 15 f > r. when I again let it go; ttie snake finding itself at 
liberty, elevated its lu ad and took a survey of the enemy's position; retreat be- 
ing cut off by the crowd of -p'l'ctators, it started at full speed for the tree, as- 
c£ded to the iirst horizontal branch, on which it ran out to the extremity, then 
elevating its body succeeded in leaohing the nest branch above, and so on until 
it had ascended over the small outer branches to the top. The ease and rapidly 
with which this snake climbed the tree proved that such a feat was nolhing un- 
usual. In thi^ instance tlu^ «ti!ike evidently took to the tree for the purpose of 
escape. Tiiia species C Scotoph{s allegkaniensis) is common among the blu£& 
along the Missouri river, in the timher only^ while the blue racer (Bascanim 
eaiutrietar) was r^ieatodly found on the praunee a considerable distance from 
any timber; hence we inf r that the latter is leas stdcdy arboreal in its habits 
than the Scotophu aUeghan,ien»i*. I obtained here a most beautiful and un- 
usually colored specimen of Celuta atnoMa (7 ) ; — alfin specimens of Leptophts 
(Bslivus. Mr. Judson caught for me, a few days aiier we left here, an Elapt 
Jklvtu, (perhaps S* tenerw.) Is not this the most northern kHfiality in which 
tUs beautifol southern serpent has been discovered I Shot a Vermivora penn^ 
tyioanica and V. solitaria. A few of tlie advance parties of SyiltiooliM liegm 
to make their appearance. 

25th. — Early this morning we went on board the Michigan, a splendid large 
"lower river boat," bound for Lexington, distance 125 miles, where we expect 
to arrive tonnonow noon. 

27tli.— We have b^n three days on the boat and only 75 miles on our ^ray * 
river low; steamer too lar^re; Hfiid to be the largest that ever ascended the Mis- 
souri ; and, judging from the vexatious detentions on sand-bars, is likely to re- 
main the largest. -;, 

28lh^lCade eighteen mOes to4ay. Gteat nnmben of gcose on the islands, 

28 s 
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MMtly wliit»tetod t^es. here etUtd " blnW Dwfct bdI mmmmi 

tiioBe we saw were mostly wood ilurks. 

29th. — At HAW A Laadiug this moruing ; took a etroU through the wooda while 
the boat wad being " lightered " over the bar ; found a dead »aake, about, i'oor 
iMt in kogtli, sMin m I never ti>w More; color above, gr^niahoUw; beoMth, 
nddidi 7«li0ir ; eealee on the lidee Bmooth; those Ott iIm bock slightly out 
nated. I regret lliot tbo boad wm m broiMd ood keonHed to ^ndnde n 
examination. 

30th. — Reached Lexington in the afternoon, glad enough ; drove directly to 
the residence of my brother, J. D. Hoy, esq^ who hoi beea icu: many years a 
xeeidevt of BEioaoon. He ii to aooonpany tto In oil oar oxouafODB w Minowri 

and Kansas. 

iy lat. — ^Rainj daji ooMfiod in looking ofw lie ■piMoni fiom Ooopoc 

county. 

3d. — Fished to-day in a small "brauch" near the town; caught only a few 
iab. Warblers are Dot yet abundant; mootly nJeof tbo fbsMiloB have not yet 

6th. — Drove 12 miles to the Taho, a miserable, muddy, sluggish, fever and ague 
itreJim. Suckers, catfish, shovel fish, and gars are about thn only npecie?' that 
can live in such viUanoua water. My eon shot a fine male Vernuoora j^oik4h 
uotaria " « 

7th^-^bot a monming finch, Zmmtridim yownfai lantoln'ofiaeliioaoott- 
mon species here. 

9rli — Sorted for Utiea; bad to retnm, aa tbe wind was too kif^ £»rtbB 

ferry-boat to venture. 

10th. — This morniug we were enabled to cross ; had a charmiug drive of 40 
^dlot over ooo of tbe moot bessUifiil oonntriea I ever iaw» mostly high rolling 
^loirio bi • state of nature; mnch of this rich land still remains subject to entry 
at government price. The black- throated bunting is almost the only burd that 
inhabits these prairies. Uad a spirited chase after a blue racer, which finally 
nmde good its ^cape by crawling tnio a "gopher mound.*' Night overtook as 
before reaching Utica. We accepted an invitation to.remain until morning with 
Oolonel Gregory, a gea^enan of vealtb. fiinnadf £Mas North OaroUna. * 

lltli.^-At an early hour we artivfldat IJtica, a small tkiiving village nlwManlJy 
situated near the fork? nf North Grand river, io Lirinp^st'm county, mrectly <Ma 
the line of Hannibal and St. Joseph railroarl, now in course of construction. 

12th.-»Fi8hed with the minnow net in Grand river below tlie mill ; caught 
great nnmbem of interesting speciaMMu Shot a KmoiM fmm s aw ii g, n xaaa 
i^cies of water-snake, heietofim only finind in Arkansas ; it was basking on 
mme drift-wood when it was discovered by one of the ladies of our party, who 
was wonderfully frightened, while T war greRtly dfllifrhted. Such is education 
that an oitject of fear, and even dis;j;u>r, m ly be coavti ted into a source of 
delight, capable of exciting pleasnrabiu aud proiitable reiieci.ian3, thereby opea> 
Ing mm tommet ^ rtOhmU mjoymea^ one of the hi|^MSt idma of edneatton. 

Idthrf— Crossed the river and drove to Ghillioothe. Shot many birdfli ainoQg 
^em a mourning finch; there were 15 or 20 in company, but it being near night 
I only obtained a single specimen. The warblers are now here in tlieir 52:reate8t 
numbers ; it is remarkable that there p so little di£fereuce in the first appear- 
anoe of migiatoiy Iriida here and at Raeiae, Wisoensin-->eertainly not more than 
three days at most, whUe vegetation boie Is not less than three weeks in advteee 
of Badoe. Made arxingenients to have a large seine drawn in the river to-mov- 
row. 

i 14th. — Rained ail last night, which puU an end to our fishing here ; tins I 

greatly regret, for there are several species of fish I am exceedingly anxious to 
obtain, especially one species <^ talmo (i) called here Mlmam irvttt, a ohovt- 
hiUedgar,andthopaddefish,whidiaierepP6ientodashoiagabnnda^ C^jHU&d 
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wEn/mmos or wvnsBsr Misdocjii nr \m» 4M 

river is the iir^t stream we have seen in Misaooil that If tolerably well supplied 

with lirih. A lad caught ou a hook to day a catfish weighing 136 pounds. 
Skixmed a ime old gobbter ghot by a £nead ; wild tuikaya axe pkmky ia the 
^dnity. 

• i4(tii.— Went OB the eitensrre "bottoms'* of Grand riyer, so celebrated for 
lieh land and haavy tiabcr; m ibwid thu principal forest treea to be black wal- 
Vttt burr oak, aattimirood, sycamore, hackberry, shsgbark hickory, pecan, 

coffee bean, honey locust, and hlnck birch, ill of which grow to an nnnenally 
large size. We measured the tronk of a pecan, Carya olhaformif, that was 
13 feet in circumierence, and held thid size tor at ieasi 50 feet. Parrakeeti} are 
abwadaat about tlie Urge sycamoroB, PkUmuu wtoidmiaUMt in the hollowt of ' 
which they roost and nest. Here we Ibiukd the koma of tho Trichcu pkOaBA' 
jphia, a locality where this bird is common ; they frequent localities covered 
with dense underbrush ovemin with climbing- roses and honnysiickles Here, 
too, in the same localities, is found the Ktntmky warbler in great abundance ; I 
spent consid^able time watching theae active* restkss little songsters, and I 
moit confesi my snrpriao that anj naturalist who had an opportonity of obserr- 
ing the hchavior of uese birds* eapeeially daring their nuptial season, should 
hesitnte a moment in plncing them among the ground irarller?;. ^Vh^j livp -md 
neat in th'^ nndi^rbrush, the male ooca^ionall v hopping upon a low branch of a 
tree to pour inrlh his whUUthei, whittethee^fepeated two or tliree times, then 
wain dliapMaring in the tangled braak. wag U so precisely Itko that of 
tSo yeUow-throat that it requires a practiced' ear to distinguish tho ono from the 
other. I listen r d to the song of the Trichas Philadelphia^ T. marylnndica, and 
T.formoms at the pani ' time, and found th«m wonderfully alike ; the song of the 
T, Philadelphia difi' rinfj;; more than the Kentucky wai-bler's from that of the 
Maryland yoUow- throat. Ihe colort the rounded tail, destitute of the white 
awriidng consfeantly fooni on Ae latenl ^Bothers of iha true ayhiooias, the 
fleeh-colored feet and lege, all combine to establish the KaUmdty warbler in the 
genns Trichas. Specimens of Vermivora solif.ariaa.re common hcrc; they keep 
much on the tops of trees ; their eoQg* ze^-z-a^zee, reaemblea closely tha^ ox 
th^ Vermivora chryioptera. 

' 17ih^Went honting taiamanAtn / tamed over a wodd" of old loge, hut 
Attftd none. le it not atannge that we did not find a ringlo spechaen of this 
asfanal in all our traveb, aotinthetaading we hunted dil^ntly & ev«ry fiivora- 

ble lorn 1 it y 1 Shot two woodchucks, Arctomys mona^, as th» y were runnins:; fall 
cha-ir through the woods. There 10 here* "gray prairie squixrelj" SpermojihUus ; 
we did not obtain a specimen. 

18th.<— Started on oar letom to Lexington ; drove 20 nileB, and put up with 
dia Be7. QroFtr, an intelligent, energetic " planter." Ho gave me much 
information respecting the habits of the " gopher," Geomys, which are greatly 
abandant h-'re. On the prairie we pripged at no great distance from a pair of 
cranes, (J-rus canadcmis. My brother waved his hat and shouted to them two 
or tliree times, when the male bird commenced, by bowing* and hopping in a 
laikDRMia manner,— a leriea of aaansing antioB, interliidad wwi brief samples of 
vocal pmten that made ample compensation in strength for any lack of melody. 

19th. — Early this mornin*. in company with the Rev. Mr. Grover, went a 
short distance on tin- prairies to kill " gopher," but were disappointed in not 
getting a shot. Arrived at Lexington in the atteruoon ; we halted on the road 
to pick ripe, wild Strawberries. 

Mlhi — Went eix mibe above Lexington to fiah in the Soy caught but little. 
A person accostomed to the beantifal clear streams of Wisconsin, literally filled 
widi fish. oxperif»nces great disappointment in visiting the muddy saline streams 
of MtBsouri. We got a fine old *' timber rattlesnake," Crotalus darissus. If I 
mistake not, it is g«nerally believed this snake will not take food while in captivity. 
Ife. S. Beieomb^ at MaAon, WiNonBiBt haa anoeeeded in ftodiag Ma " pet rat- 
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tlesuakeB" wUh Uvimg hirdt, which thej kill aiid swallow leadity ; thoj wiH 

not touch fipogSt or even dead birds. 

25th, — Thii? afternoon .T D. Hoy, my son, and I f>tartcd in a two-hor3f» carriage 
to vif^it th" head-waterr of tli<' Oi^age river. Drov • twelve miles through a well 
cultivated rich hemp-growing sectioQi and put up with William Uook^, a whole- 
souled HiMonriao, haute unS. heart open. Ganght two laro little frogs. 

26th.<— 'TniTeUed to-daj through the nun ; InekUy it cleared away jur^t long 
enough for U3 to get a good view of th-' great eclipse. Near Cbapt'l Hill, in 
a dense thicket of thorns, I firsf li^ '^'-fl th charming little gong.-ter Vireo heUii. 
I had much difficulty in procuring specimeDS, for the restless little birds kept 
flitting from one point to another contmnally, all the wMe vnrblinr fox&x thai 
agreeable song. From this point south we heard this bud repeatedlj. Fat up 
during the night at PkaMlIt Hill, Jackson county. 

27th. — This morning went four mih i? to witiu>^^ tb«^ drawing of a seine in 
the north fork of Grand river. Obtr\ined several interesting fish, and a fine lot 
of terrapind, embracing 8ix apecies. Here we saw the rose bug, Melnlontka sub- 
tpmota, in immense nmnben. the willows being literally stripped of everything 
green by these pests of the agriculturist. In the aft^^^m on we drove directly 
south over the prairie ; stopped on Elm creek to fish. While engaged in the 
Ptream a number of our terrapins t<-»ok to their legs and made good th ir escape; 
to our sorrow three of the species^^left no representatives to be forwarded to the 
Smithsonian Institntion. Here w^l*^nght a species of AMiaemi different from any 
I ever before saw. Put up at Dr.'MaxweU's, diree miles north of HanrisonTiUe* 
Cass ooonty, (formerly Vaa Biiren oonnty;) in the evening I shot a VupaiilM 

novehoracensis. 

28th — Re mained with the doctor. I caught a Ptraw-colored snake unknown 
to me. We learned here that there are two species of prairie s^uirreW in- 
habiting the prairies in the vicinity— one gray, the other redj called '* prairie fox 
squirrel ;** we did not get ppecimens. 

','Orh. — Bain, rain — continual rain ! Wf h^M a council of war, and decided 
til :ii I he water in the streams was so high that it would b'^ impossible for us to 
proceed on oar contemplated route to the Little Osage, then down, via Osceola 
and Warsaw* to Versailles. Being thns headed off, we eondnded to strike sooth-* 
west into Kansas. We crossed the main Grand river at a miU, where I was told 
bats inhabited the old frame. After a deal of punching abomt the angles of llm 
braces, I dislodged a n <M aeqnainlance — Vespertilw subulatus. There is a largrr 
species inhabiting th^t woods here, with "prodigiously long ears," called mule 
hat. This is the most northern point I heard of them. They are abundant 
abont Oseeola, St. Olalr eoimty. From this we drove for twenty-five miles oyer 
-a delightful prairie, covered with beautiful wild floworSp ant ing which tho gay- 
colored Phlox glabernnvm was particularly conspicuous. We drove by dircctfon^ 
regardless of roads. I was many times npprchensive we should get into troable; 
bat my brother's practiced eye never failed to pilot us to the desired point. We 
leaefaed the residence of Clymer, near the State line, late in tiie afternoon. 

30tii. — Drove directly .west six miles into Elansas, until we came to Sugar 
river, a branch of the Marie des Gygne. The land on due beantiftd Btrean is 
of a superior quality, and the fine sugar-maple groves gave a homelike appear- 
ance to the lanfkc ipe. We caught a number of fish, notwithslaudmg the stream 
wab rather laigo aud fiubhed by the receut rains for our Bmail nets to do good 
servteo. We were told this stream was celebrated for the huge number of fine 
' fish its waters afford. Turkeys and deer were abundant. We ate our lunch 
■under the amph*. shade of a sugar m iple, cheered by the -^ong of a mocking bird 
and a Vireo belUi. Prom Sugar river we drove directly north, on the old m^iiitary 
trail, which leads over a well-watered, rich section of country. On the way I 
saw the only prairie reed-bird {Ddickonyz bieoUn) I ever met. I followed it, in 
fall chase, under a hot son, at least two nules before I shot it Althoogh greatly 
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fati^eJ, I was well satisfied at my fiual sacccps in obtaining the much -coveted 
bird. Arrived in the evening at Poge's, on the line, thirty miles from Clymcr's — 
the first house we have seen since morning. We saw in several places where 
the prahnp wolreB had reoentlj been digging btirrova in the gopher mounds. 
At the time» I rappoeed ihsj were after the gopher, bat was informed by ovr 
hoflt that they wore dig^ng these burrows for the purpose of concealing their 
whelps. A few days since there were two badgers canght in this neighborhood. 

31st. — TTeavy rain all night, accompanied with much lightning and thunder. 
The storm made our otherwise uncomfortable quarters still more unpleasant. 
Onmea are onhr fomid here dmrmg fall and early spring, when rast flocks fre* 
qnentljr Tint this locality. Poge told ns he shot two that differed much from 
tnc common species, the head being covered entirely with feathers, instead of 
the bare red skin always found on the common species. One of these was so 
elightly wounded that they kept it alive for some time. When angry it would 
. erect the feathers on the crown. These were in all probability the Grus hoyanMSt 
'a new speeiaa recenUv found in Wiaconsin. From Poge's we struck a bee-line 
fi>r Independence. The heavy xaina have swelled every little rivulet into almost 
an impassable stream. 

^unc 1st. — Put up last night at Independence. Started at an early hour for 
Lexington. I succeeded to-day in shooting a Geomys bursarim while he was 
iniloading his sacks at the mouth of his hole— the first I have been able to ob- 
tain* notwithstanding we have been continually where their works were abundant. 
As a natural history item, I record the measurement we took to-day of the 
*'Mi«?!ouri giant ox," raised by H. S. Bello8».of Rochester, Andrews county, 
l^Iiissoun : Ivcugth from elbow to top of withers, 3J feet; from knee to point of 
shoulder, 3 feet; heel to point of hip, 4^ feet; from brisket to top of shoulder, 
5 6et; around the knee, 22 inches; neighti 19 hands* (6 feet 4 inches;) length 
fiom point of nose to ini^ertion of taili 18 feet; age, 6 yeais; color* red; breed, 
n'^tive. saw the skins of two beavers that had been recently canght on an 
island in the Missouri river, ten ^iles above Lexington. We had intended to 
visit the spot to view their recent works, which were represented as being a 
great curiosity. Arrived at Lexington in the evening. This day is the first 
tnat it has failed to rain since we left. In our absence Ifrs. Efoy caught a 
second red-marked ^urter-snake. 

2d. — Occupied in packing and forwarding our collection to the Smithsonian 
Institution, our expedition being brought to a close. 

4th. — Started home, where wo arrived after a rapid and pleasant journey by 
way of Ohio. 

The following list embraces all the species of birds observed by me in western 
Missouri: 



A lift qf hirdi noticed w Western Missouri, above BotmviUe, between Ajtril 16 

and June 15, 18^4. 



Cathaxtes aura. 
Halisetna leucocepbaius. 
PundSoii halisetus. 
Falco anufum. 
Tincuuculus suarverius. 
A^tur atricapilins. 
Accipiter fuscus. 
Accipiter cooperiL 
Buteo borealiii. 
Buteo lineatua. 
Archibnteo sancti jofaaimis. 
Nauclenw furcatm. 
Circus budsooiiu. 
Bubo virgin! anus. 
SjziUum nebokiflTua. 



Antrostomns vo •ifn us. 
Chordoiles virgmiauus. 
Progne purpurw. 
Cotyle nparla. 
Cbaeturu pulasgia. 
Ceryle ale von. 
Lanias luaovicianoa. 
Tyranuus intropidus. 
Tyraunus criiiUua. 
Tynumula vireos. 
Tyrannitla fusca. 
Tyrannula acadica, 
getophog^u rutidlia. 
Setophaga wilsonii. 
Culicivora ' 



Vireo fiavifrons. 
Vireo solitarios. 
Vireo gilvus. 



irt'o 



Dollii. 



Vireo olivaceus. 
Ictntavlridis. 
Mimas polyglot 
Mimus rufus. 
Mimus felivox. 
Tuidoa migrotorius. 
Turdits mitstelinQs. 
Tardus wilsonii. 
Sciunu aurocapiUiuu 
SyMcok etmmata. 
^rlvicola peteoUa. 
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Sylvicola eestiva. 
Syhnoola maculosa. 
Sylvicola virens. 
Sylvicola blackburnise. 
Sylvicola icterocepbala. 
Sylvicola castanea. 
Sylvicola stiiuta. 
Sylvicola aaiericaua. 
SylTleola canadensifl. 
Sylvicola ca^i ulea. 
lirichas (Sylvicola) fonnosa. 
Trichas nuurylandica. 
Trichas philiidelpbia. 
Vermivora penQsylvanica. 
Vennivora peregrina. 
Vcrinivdra solitaria. 
Vennivora protonutarius. 
Troglodytes action. 
Trogl(nlyti'S !iy»'nialifl. 
Troglodytes ludoviciauui* 
R^'gulus calendula. 
Kegulus satropa. 
Sialia wilsonii. 
Ccrthia aoiericana. 
Sitta carolineasiB. 
Paras atricapilhis. 
Piirus septeutriouaUs.(7) 
Lopliophaoes bicolor. 
Bombyeilla amerieana. 
Zouotrichia iliaca. 
Zouotricbia melodia. 
Zonotrichia pennBylyanka. 
Zonotricbia leucopbrys. 
Zoxiotricbia passerina. 
Zonotrichia pusilla. 
ZaootiidikiMeialli. 



ZoDOtricbia savanna. 
Zouotrichia lincolnii. 
Chry»oniitiis tristls. 
Chondcstes granimacea. 
Eu.spiza amerieana. 
Spiza cyanea. 
Pitylus cardinalis. 
Cocoborus ludovicianus. 
Pyranga rabra. 
Pyranga ff'stiva. 
Stumella ludoviciana. 
Yphantes balUmoie. 
Ypbantes Bpurius. 
Dolicbonyx oryzivora. 
Dolicboiiyx bicolor. 
Molothrus pecoris. 
Ageloius phoeniceus. 
Qidscalus Tersioolor. 
Cyanocorax cristatus. 
Corvus americ^noB. 
Corvu8 corax. 
Trocbilus colubria. 
Picus pileatos. 
Deudrocopus villostis. 
Dendrocopos pubeseens. 
Dendrocopus varius. 
Melanerpcs crytblOOe|l]MllM. 
Colaptes ouratus. 
Centarns etuoliirat. 
Coccyztis americanns. 
Coccysos eiythrophthalama. 
Connrns carolinensis. 
K t • 1 0 1 > i s t es c arol i uensii. 
Meleagris gallopavo. 
Ortyx Tirginana. 
BooMA uoibiUvt* 



Tetrao cupido. 
KaUus elegans. 
Rallus virnnianna. 
Grus cananeusis. 
Ardea herodias. • 
Botanrns lentiginosoa. 
Ardeola exilis. 
Charadrius mannoratiu. 
Charodzins TocifeniB. 
Tringa jiicforalis. 
Tringa maritima. 
Tringa pusilla. 
Totanus vociferus. 
Totauus fiavipes. 
Totanos soliturias. 
Totanus macularius. 
Totanus bartramios. 
Numt'uius longriroatiii^ 
Limosa fedoa. 
Anscr cauadcusis. 
Ausur albif'eous. 
Anas clypeata. 
Anas boscbas. 
Anas strepera. - 
Querquedala discors. 
Querquedala carolineoflii* 
Dendrouossa spouaa. 
Fuligula marila. 
Fttlignla rafitorqaea. 
Claugula albeola. 
Mergus merganser. 
Mergus C^COlatOS. 
Sterna nigra. 
Colvmbus glacialis, 
Pomo^w mmm . 
Podioqw fliltiiiUM- 
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EJSQtLl&B. WEIGHTS AND MEASURES. 

AV0IBDUP0I8. 





Grains. 




O11OM8. 


LlHk 


Qrs. 


Cwt. 






1. 

27. : '4 
437. 5 
7000. 
196000. 
784000. 
15680000. 
















1. 
16. 
256. 
7168. 














1. 

J 6. 

448. 












1. 

28. 
112. 
2240. 










1 
4 

80 






Cwt 


i 

20 




Ton 


57^440. j 35840. 


I 





TBOY WBIOBT. 





Qfalns. 


Dwif. 


Ounces. 


Lb. 




1 

24 
480 
£700 










1 

ao 

940 








1 

19 






1 





1 cubic inch of distilled irateri in air, at 68^ F sS0t.456 gr. 

1 cabic inch of distiUed water, mi wumo, at ,699 F sssSd2.722 gr. 

CoMc inches. 

IgaUon - «s877J276. 



1 pint 

1 fluid oonce 

1 litre 

1 cubic centimetre 
1 cubic inch 



34.659. 

1.7329. 
61.024. 

0.061024. 
16.387 cnl^c centimetres. 



1.00000 parts of gas at 32^ F., 29.922 bar., (also at 32°,) become, at 60^ F., 
bar. 30 Inehes, (also at 60^) s» 1.05780 parts. 



FRANCE. 

MBTBIOAL 8Y8TBM NOW IN 1»B. 



LENGTH. 



Millimetre, (l,000tb of a metre). . . . 
Centimetre> (100th of a metfe) 

Deciiiu t i c, (lOtb of a metre) 

Metre,* (unit of lenf^th). 
Decametre, (10 metrca) 

Hectometre, (100 metres^ 328.09 feet, or 109.3633 yards. 

Kilometre, (1,000 metres) 1,093.63 yards, or 0.68138 mile. 

Myriametre^ (10,000 metres) 10,936.33 yards, or 6J31382 miles. 



English value. 

0.03937 incli. 
0.39371 inch. 
3.93708 inches. 
39.3708 iucbea, or 3.2809 feet. 
32.809 feet, or 10.9363 yards. 



* The rrii f rr 19 a ten-railliontli part of the quadrant of the men'd-.in nf the ssrlb, or, 
words, tike t«a-millionth part oi the dlstonoe Irom tlie equator to the pole. 



Digitized by Google 



440 



TABLES OF WEIGHTS AND MEASOSES. 



80BFACEU 

English yalna. 

Centiarei (lOOtL of au arc, or a square 

metro) 1.1960 aqussce jtatd* 

Alt, (square decametie and anit of 

surface) 119.6033 square yards, or 0.0247 acre. 

Decare, (10 ares) ................ 1,196.033 square yards, or 0.2474 acre. 

Hectare, (100 ares) llfiQ0,33 square yards, or 2.4736 acres. 

CAPAGHT. 

HiUUitre, (l,000tli of a litro, or ciibio 

(VTitimrtrp) . 0.06103 cubic inch. 

Centilitre, (100th of a litre) 0.61027 cubic inch. 

Decilitre, (10th of a. litre) 6.10270 cubic inches. 

Lim, (cubic decimetre and imit of 

capacity) 610.3705 cubic inches, or 2.2010 galls. 

D r liltn , (10 litres) 61.02705 cubic inches, or 1.7608 pt. 

Hectolitre, (100 litres) 3.53166 cubic feet, or 22.0097 galls. 

Kilolitre, (1,000 litres, or cubic metre) 35.3 1(3.38 cubic fitet, or 220.0967 galls. 

MyriaUtre, (10,000 litres) 353.1G6S cubic feet, or 2,200.9667 galls. 

SOLID. 

Decistere, (10th of a stere)... 3.5317 cubic feet 

Stere, (cubic metre) 35.3166 cubic feet. 

Decastere, (10 steres) 353.1668 cubic ieeU 

WBIGBT. 

Milligramme* (1,000th of a gramme). 0.0154 grain. 
Centigramme, (100th of a gramme).. 0.1544 grain. 

Decigramme, (10th of a gramme) 1.5440 grain. 

Gramme, (unit of weight) 15.44 grains. 

Pecagramme, (10 grammw) 154.4 graina. 

Hectogramme, (100 grammes) 1,544 grains, 3^167 o>. tcoj, or 3.5S91 

oz. avoirdupois. 

Kilogramme, (1,000 grammes) 32i oz. troy, or 2.2057 lbs. avoirdupois. 

Myriagramme, (10,000 ^ammes) . . . 32l| oz. troy, or 22.057 lbs. ayoirdupois. 

Vahe of mUUmeiret in English mAe$. 



HiUimfitros. 



EngliflliiiidiM. 



USUimeires. 



EnglisMnchei. 



1 

2 
3 
4 

r. 

6 
T 
8 
9 
10 
15 
20 
96 
30 
35 
40 



0. 03937079 
0. 07874158 
0.11S1J237 
0. 15748316 

0. 196^5::595 

a 23622474 

0.27550553 

0. 31496632 

0.35433711 

0.30370790 

0.5905 

0.7874 

0.0842 

1. 1811 

1.3779 

1.5748 



45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 



1.7716 

1.968 

2.165 

9.909 

2. 559 

2.756 

2.953 

3»I42 

3.346 

8.S48 

3.740 

3.937 

4.134 

4.331 

4.528 

4.744 



125 
130 
135 
140 
145 
150 
156 
160 
165 
170 
175 
180 
186 
190 
195 
200 



941 
118 



5.5J2 

5. :os 
5.906 
6.103 
C. 299 
6.496 
6.693 
6.890 
7.087 
7.284 
7.480 
7.677 
7.874 
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Table for ikt eom>erno» of degrees of Centigrade thermometers into those of 









Fab. 


1 Oenb 

^ 


Fifth. 


Cent. 


Fab. 


—100 


—148.0 


—49 


—66.2 


2 


35. 6 


53 


127.4 


— DO 


—146.2 


—48 


—54.4 


3 


37.4 


54 


1-29.2 


— 9& 


—144. 4 


—47 


—52.6 


4 


39.2 


65 


131.0 


— 97 


—142. 6 


—46 


—50.8 


; 5 


41.0 


56 


132. 8 


— 96 


—140. H 


-45 


—49.0 


! G 


42.8 


57 


l:!l.6 


— 95 


—mo 


-44 


—47.2 


1 7 


44. G 


68 


i:}6.4 


— 94 


— 13T.9 


—43 


—45.4 


: 8 


4G.4 


59 


138.2 


— 93 


—135.4 


-—48 


—4:?. G 


; 9 


48.2 


60 


140.0 


— 92 


—133.6 


—41 


—41.8 




50.0 


61 


141.8 


— 91 


—131.8 


—40 


—40.0 


11 


51.8 


62 


143.6 


— 90 


—130.0 


-99 


—38.2 


12 


53.6 


63 


145.4 


— 89 


—128.2 


—38 


—36.4 


13 


55.4 


64 


147.2 


— 88 


—126. 4 


—87 


—34.6 


14 


57.9 


65 


149. 0 


— 87 


—124.6 


— 3n 


—32.8 


15 


59.0 


66 


150.8 


— 86 


—122. 8 


—35 


—31.0 


1 16 


60.8 


«7 


152.6 


— 85 


—121.0 


—34 


-99,9 


1 rr 


es.6 


68 


154.4 


— 84 


—119.2 


—33 


'_'?. 4 


1 18 


64.4 


69 


I'fi. 2 


— 83 


—117,4 


—32 


— 20.G 


i 


66.2 


70 


158.0 


— 82 


— 115.G 


—31 


-«J.8 


so 


68.0 


71 


159. 8 


— 81 


—113.8 


—30 


—22.0 


' 21 


69.8 


72 


161.6 


— 80 


—112.0 


—29 


—20.2 


: 22 


71.6 


73 


163.4 


— 79 


—110.2 


—28 


—18.4 


: 23 


73.4 


74 


165.3 


— 78 


—108. 1 


—27 


—16.6 


24 


75.2 


75 


107.0 


— 77 


— lOG. G 


—26 


—14. 8 


1 25 


77.0 


76 


168.8 


— 76 


—104. 8 


—25 


—13.0 


26 


78.8 


77 


170.6 


— 75 


—103. 0 


04 


—11.2 


1 • 27 


eo. G 


78 


172.4 


— 74 


—101.2 


—23 


— 9.4 


! 28 


62.4 


79 


174.2 


— 73 


— 99.4 


—22 


— 7.6 


29 


84.2 


80 


176.0 


— 72 


— 97.6 


—21 


— 5.8 


30 


66.0 


81 


177.8 


— 71 


— 95.8 


—SO 


— 4.0 


31 


87.8 


88 


179.6 


— 70 


— 94. 0 


—19 


— 2.2 


32 


89.6 


83 


181.4 


— 69 


— 92.2 


—18 


— 0.4 


33 


91.4 


64 


183.2 


— 68 


— 90.4 


—17 


+ 1.4 


34 


93.2 


85 


185.0 


— 67 


— 8R.6 


—16 


3.2 


35 


95. 0 


86 


186.8 


— 6(3 


— 86.8 


—15 


5.0 


36 


96.8 


87 


188.6 


— 65 


— 85.0 


—14 


6.8 


37 


96.6 


88 


190.4 


— 64 


— B3.2 


—13 


8.6 


38 


100.4 


89 


198.8 


— 63 


— 81.4 


—12 


10.4 


89 


102.2 


90 


194.0 


— 62 


— 79.6 


—11 


19. S 


40 


104.0 


91 


195.8 


— 61 


— 77.8 


—10 


14.0 


41 


105. 8 


02 


197.6 


— 60 


— 76.0 


— 9 


15.8 


42 


107.6 


93 


199.4 


— ft9 


— 74.2 


— 6 


17.6 


43 


109.4 


94 


sot 8 


— r^S 


70 4 




to A 


AA 


ill , z 


VO 


803.0 




— 70.6 


— 6 


21.2 


45 


113.0 


96 


804.8 


— 66 


— 68.8 


— 5 


23.0 


46 


114.8 


97 


806.6 


— 55 


— 67.0 


— 4 


24.8 


47 


I1G.6 


98 


208.4 


— 54 


— Go. 2 


— S 


26.6 


48 


lid. 4 


99 


210.2 


— 53 


— 63.4 


— « 


28.4 


49 


120. 2 


100 


212.0 


— 52 


— 61.6 


— 1 


30. 2 


50 


122. 0 


101 


213.8 


— 61 


— 59.8 


— 0 


32.0 


51 


123,8 


102 


215.6 


— 50 


— 58.0 




33.8 




185.6 


103 


817.4 
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The following teUe embiMes latcit and most accante eqniTalentB* at 
accepted hy Wfll, in the JtOredrnMi /»r Ckemie, for 1863s 



Antimony. 
Aneuic ... 
Bafioin ... 
Bismuth ... 
Boruu .... 
Bnmune 

Carbon ... 



Cat's iuiii ... 
Calciiiju ... 
C<^riiiiii . ... 

Cliloriiic 

Cbruiiiium . 
Cobalt ..... 

CffpiM'I* - 

Diariiim ... 
Di(]yiiiiuin . 
Flaoruoe -». 
CWd 



GlneinQni. 
Iodine .... 



♦ Iron ... 

ludiuiii .... 
Brdiom.... 

Lanthamuik. 
Lead ...... 

Lithium .. .. 

Mnj^nesinm. 
Manganese . 

ilcrcni v . . . 



MoIvlKlt'uum 

Kick.-l 

Niobium 
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